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1 Introduction 
In science education in recent years there has been growing concern about participation in 
school science at both primary and secondary school, that amounts to a concern with a 
perceived lack of engagement of students with science in schools. The ‘problem’ is seen 
somewhat differently for the two sectors, with concerns at secondary level linking negative 
attitudes of students with prevailing pedagogies, and concern at primary level focusing on the 
lack of science taught, and confidence of teachers with science content.  
Partly in response to these perceived issues there has been considerable energy put into 
improving, if not reforming school science education, involving a large body of research into 
teaching and learning in science, substantial policy initiatives, and the implementation of 
school science initiatives of a variety of types. This document will: 
• draw on two key documents that the author has been involved in, looking at factors 
affecting student engagement in science, technology, engineering and mathematics 
(STEM) across schooling, and arguing the need for reform of school science; 
• draw on the research literature to identify major directions in which our understanding 
of science teaching and learning has recently developed to identify key issues and to 
suggest productive ways forward to support student learning and engagement with 
science; and 
• describe trends in school science reform and support of teacher professional learning, 
drawing particularly on the experience of some major initiatives in Australian science 
education These are used to generate ideas concerning potentially successful 
innovations that will improve practice in the teaching and learning of science in 
primary schools. 
1.1 What determines students’ participation in STEM? 
In exploring the background to current concerns with science education and current 
innovations to reform the teaching and learning of science I will draw particularly on a major 
literature review (Tytler, Osborne et al. 2008) commissioned by the Australian government, to 
argue the importance of science in primary schools and across the primary-secondary school 
transition. The major factors identified in the review, that frame children’s response to science 
and mathematics, are early life experiences, gender, and pedagogy, which critically impacts 
on interest in the subject and perceptions of its personal relevance. 
1.2 What approach will best support student engagement in science learning? 
In 2006 the Australian Council for Education Research (ACER) ran an international 
conference specifically focusing on the problems of engaging students in science, entitled 
‘Boosting science learning - what will it take?” 
(http://www.acer.edu.au/research_conferences/2006.html). This conference led to a 
commissioned monograph (Tytler 2007) which drew on the conference inputs and on the 
literature more generally, to outline a way forward for school science. That document, which 
has been quite influential in Australian science education, drew on a strong feeling for change 
expressed at the conference plenary session to argue for a ‘re-imagining’ of science 
education. These documents will be used to explore productive directions for primary school 
science, and strategies for achieving improvement.  
 1.3 Trends in research and innovation in school science 
Through the work on student science conceptions, on STS and context based curricula, and 
more recently on inquiry approaches and the nature of science, we now know much more 
about student learning of science than we did a decade ago. In particular, science curricula 
have increasingly been focused on the notion of scientific literacy which implies a more 
active sense of the learner and the need to engage all students in thinking and working 
scientifically. I will draw on the research literature to identify key elements of these trends 
including: 
• Scientific literacy and the literacies of science, with particular reference to an 
Australian national project, Primary Connections, conceived of by the Australian 
Academy of Science, and to a growing body of research exploring the role of 
representations in science learning. 
• Student investigations and the nature of investigative capabilities, and primary school 
children’s ability to engage with scientific inquiry. 
• Inquiry approaches including the role of reasoning and engagement with socio-
scientific issues. 
• Context based science and the linking of school with community. 
• Humanistic approaches to conceptualising school science. 
• The role of assessment in teaching and learning. 
• The purposes of school science and the need to re-imagine science education. 
1.4 Curriculum reform in school science 
Moves for change in school science through curriculum reform have been ongoing. The 
traditional swing between content focused and process-focused primary science has given 
way to a more sophisticated understanding of the need to encompass both the products of 
science and the processes together, and a broadening of thinking about the purposes of 
science in school. Thus, reform in the U.S. emphasises inquiry based curricula, a student 
focused pedagogy, and attention to the nature of science. Australian curriculum reform tends 
to be based on a scientific literacy perspective and encompasses in Victoria a curriculum that 
situates disciplines within a broader framework of capabilities including higher order 
thinking, creativity, technological design, and also values. At a national level, the proposed 
curriculum includes, as does Sweden’s, a strand on the human aspects of science alongside 
more traditional conceptual knowledge and investigative capabilities.  
1.5 Supporting reform initiatives: resource development and teacher professional 
learning 
Alongside curriculum reform, approaches to improvement of science teaching and learning 
involve the production of resources, and the professional development of teachers. There is 
abundant evidence that significant teacher change is best supported by longer term initiatives 
based in the culture of the school with room for local ownership, rather than short workshops. 
A major Australian project, School Innovation in Science (SIS), focused on teacher and 
school development based on a set of pedagogical principles, and was very successful in 
supporting teacher improvement. Other recent projects at the national level (Primary 
Connections (http://www.science.org.au/primaryconnections/ )and Science by Doing 
(http://www.science.org.au/sciencebydoing/index.htm), both initiatives of the Australian 
Academy of Science, and the STELR project of the Australian Academy of Technological 
 Sciences and Engineering (http://www.stelr.org.au/)) have used a combination of resource 
development and structured professional learning involving distributed leadership of 
communities of inquiry. Experience with these initiatives will be drawn on to explore 
professional development strategies effective for supporting improvement in primary science 
teaching and learning.  
2 Engaging students with learning science 
In 2007/8 a review was commissioned by the Australian Government to explore the factors 
across the primary-secondary school transition that affected the flow of students through the 
‘STEM pipeline’ on to employment in science related professions. The review (Tytler, 
Osborne, Williams et al. 2008) identified, using key search terms, more than 1000 articles 
potentially relevant to this question and constructed a list of more than 500 studies of 
particular relevance. The origins of the report lie in a concern for the supply of science and 
technology professionals needed to maintain a country’s viability as a technologically 
advanced competitive economy, and this concern has been articulated in a series of major 
government reports from Europe, the UK, the U.S. and Australia (European Commission 
2004; DEST 2003; Goodrum, Hackling, & Rennie 2001; National Academies Committee 
(COSEPUP) 2006), all of which call for concerted action. 
These concerns might seem distant from primary science education, but are relevant for two 
reasons; first, I will present evidence that students’ aspirations for a career in science are 
formed early, often during the primary school years, and second, even without this issue of 
human personnel planning there is a problem concerning student aspirations towards science–
related subjects, so that the issue of participation translates in the end to an issue of engaging 
students meaningfully with learning science.  
Three factors stand out as major determinants of student interest in and engagement with 
school science –what students bring to science from their early experiences, gender, and the 
quality of teaching.  
2.1 The early formation of student aspirations towards science 
The review found considerable evidence that, for the majority of students, their life 
aspirations are formed before the age of 14, with the implication that any intervention to 
engage students in STEM pathways needs to occur either in primary school or in the early 
secondary school years since this engagement becomes increasingly difficult after this point 
in time.  
Ormerod and Duckworth (1975) drew on an extensive set of studies on interest in science, 
that had been conducted over the past 50 years. They concluded that ‘in the United Kingdom 
and the United States at least, the critical ages at which pupils’ attitudes to science can be 
influenced extend from about 8 years of age to 13 or 14’ (p41). 
Such studies have again gained prominence in recent years. A recent analysis of data 
collected for the US National Educational Longitudinal Study conducted by Tai et al. (2006) 
showed that students with expectations of science-related careers at age 14 were 3.4 times 
more likely to earn a physical science and engineering degree than students without such 
expectations at the same age (see Figure 1). Tai et al’s analysis shows that the average 
mathematics achiever at age 14 with a science-related career aspiration has a greater chance 
of achieving a physical science/engineering degree than a high mathematics achiever with a 
non-science career aspiration (34% compared to 19%).  
  
Figure 1: Probability that students who, in eighth grade, expected (dark line) or did not 
expect (light line) a science career would achieve a life science degree (left) or a physical 
science/engineering degree (right). The ratio advantage is 1.9 for life science and 3.4 for 
physical science/engineering (Tai et al. 2006) 
Clearly, early life–world experiences are significant for determining aspirations towards 
science related study and careers. The question then becomes – how early are such aspirations 
formed? A survey by the Royal Society (2006) of 1141 SET practitioners’ reasons for 
pursuing scientific careers found that just over a quarter of respondents (28%) first started 
thinking about a career in STEM before the age of 11 and a further third (35%) between the 
ages of 12 - 14.  
More detailed insight into this question can be found in a study by Britt Lindahl (2007) who 
followed 70 pupils from upper primary to upper secondary when they choose subjects, 
through regular interviews about their views of science and their aspirations. She found that 
many pupils maintained a constancy in their career aspirations from Grade 5 through to upper 
secondary, even if they were not consciously aware of this. Thus she confirmed that career 
orientations are in most cases formed early, often in primary school. Further than this, 
students at the point of developing their career aspirations have little understanding of science 
professional work. Lindahl reports that students could only give two reasons for studying 
chemistry, for instance – to get good marks or to become a chemistry teacher. Since this is not 
part of their broader aspirations, they cannot see a purpose for learning chemistry.  
This lack of knowledge of STEM related work has been broadly confirmed by number of 
studies (e.g. Blenkinsop et al. 2006; Stagg 2007). A UK survey of 14 year old students 
(Engineering and Technology Board 2005) found very limited and stereotypical views of 
what engineers, technologists and scientists might do. Sarah Blenkinsop, et al. (2006) 
reported that 14 -16 year olds believed that media portrayal of jobs and careers influenced 
their choices, but that direct information from someone who works in the job, or a school 
careers teacher, were more likely to have been influential. Contact with people working in the 
field has been found to be highly valued: 
People, their lives, and the work they do are the richest and most respected 
resource for learning about careers.  Whilst a proportion of young people are 
attracted to science and technology for itself, many are interested first in the 
people (role models etc) (Stagg 2007, p. 4). 
 Gayle Buck et al (2008) found that for girls, role models were somebody with whom they 
held a ‘deep personal connection’ and that it was essential to establish a personal connection 
with girls if they were to engage them with the work that scientists undertook. 
Lindahl (2007) found also that interest in the sciences is the major factor in student choice of 
subject, a finding echoed by other research. She found that this drops quickly in physics, 
chemistry and technology in the early secondary school years, first for girls and then for boys. 
She concluded that engaging older children in science becomes progressively harder beyond 
the early secondary school years, once their interest is lost and there is increasing competition 
for their attention from other subjects. 
From this work we can see the importance of primary schools in forming students’ attitudes 
and aspirations towards science, both in cultivating an interest, and in providing a sense of 
what sort of things people working in the physical sciences in particular do. As we shall see, it 
is not only information that is important, but also a sense of the sorts of people who work in 
these areas and what drives their interest.   
A range of studies (e.g. Cleaves 2005; Fouad 2006; Hackett 2006) show that student 
aspirations are significantly mediated through the secondary school years and transformed 
into career choices later by a range of factors including interest and self-efficacy in relation to 
mathematics and science (Lent, Brown & Hackett 2002; Maltese 2008), parental expectations 
and encouragement (Adamuti-Trache & Andreas 2007; Brew 2000; 2003), teacher support 
and inspiration (Goodrum et al. 2001), career expectations and exposure to career guidance, 
exposure to role models and successful adults, peer influence (Alloway et al 2004), and 
perceptions of the usefulness of the subject. These factors have a different form at different 
stages of schooling (see Figure 1). For primary schools there needs to be a focus on  
a. developing a positive attitude to science and a disposition of curiosity to explore 
science phenomena and develop science explanations, for physical as well as 
biological phenomena, 
b. developing a sense of what scientists and science professionals do, what the work 
entails, and what interests them and drives their work, and  
c. supporting parents to understand the many possibilities opened up by a study of 
science, and to be encouraging of children’s disposition and ability to explore science 
phenomena.  
2.2 Gender, cultural factors, and identity 
Paul Gardner (1975) comments that ‘sex is probably the most significant variable related 
towards pupils’ attitude to science’. This view is supported by Renato Schibeci’s (1984) 
extensive review of the literature, and more recent meta-analyses of a range of research 
studies (Brotman & Moore 2008; Murphy & Whitelegg 2006; Weinburgh 1995)  covering the 
literature over three decades. All four reviews summarize numerous research studies to show 
that boys have a consistently more positive attitude to school science than girls – a finding 
confirmed by the data emerging from the ROSE study (Sjøberg & Schreiner 2005). In fact, 
the major differences in attitude relate to the physical sciences and engineering (OECD 2006). 
This situation has persisted despite a range of interventions over 25 years. It is of concern 
because young women who choose to study science and mathematics in high school have an 
‘increased likelihood of attending a university and a much broader range of program options 
at the post-secondary level’ (Adamuti-Trache & Andres 2008, p 1577).  
 
 2.2.1.1 Figure 1: Factors influencing engagement with STEM at different stages of schooling. 
(from Tytler, Osborne, et al. 2008) 
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 Jacob Blickenstaff (2005) reviewed a number of hypotheses for women’s lack of engagement 
with science, and argued strongly against any suggestion that there are innate genetic 
differences. Rather, examining the other hypotheses, he suggests that the problem is complex 
and not amenable to simplistic solutions. Recent evidence identifies substantial differences in 
the science interests of boys and girls. The ROSE questionnaire presents 108 topics that 
students might like to learn about and asks respondents to rate them on a 1 (‘not at all’) to 4 
(‘very interested’) scale. Between English boys and girls there were 80 statistically significant 
differences. The top five items for boys and girls are shown in Table 1. 
Table 1: The five top ranked items boys would like to learn about in science and the top five 
for girls. (Jenkins and Nelson 2005) 
Based on the stark contrasts represented by such lists, it has been argued that the content of 
interest to girls is significantly under-represented in the curriculum (Haussler and Hoffmann 
2002). Other research suggests that girls would be interested in a science curriculum which 
had more human related content (e.g. Krogh and Thomsen 2005). A recent survey by Helen 
Haste and colleagues looked at how fourteen/fifteen year-old boys and girls’ perception of 
science was related to their personal, social and ethical values (Haste et al. 2008). For girls, 
the consideration of ethical factors was a large positive explanatory factor determining their 
interest towards science, whilst it was a negative factor for boys. Likewise, the perception of 
how science was relevant to their lives was a large contributing factor for girls positively 
inclined towards science but not for any other group. In short, both the context, purpose and 
implications of science matter for girls and any attempt to present a decontextualised, value-
free notion of science is likely to reduce their engagement. Such data suggest that offering a 
homogeneous curriculum to all is a mistake – it seems that what interests girls is unlikely to 
interest boys and vice versa. At the least it would imply the need to offer a multi-faceted 
science curriculum for which there is variety and possibly choice.  
To understand student responses to science, there has been recent and increasing interest in 
exploring the construct of identity. This has been fruitful in exploring both the complexity of 
responses, and for making sense of the response of coherent groups such as indigenous or 
gender groupings.  
Glen Aikenhead (2005) argues that for many students, especially indigenous students, coming 
to appreciate science requires an identity shift whereby students come to consider themselves 
as science-friendly – that ‘to learn science meaningfully is identity work’ (p. 117). Similarly, 
he argues that the persistence of status quo versions of school science in the face of 
considerable critique relates to the strong discursive traditions subscribed to by teachers of 
science resulting from their enculturation during their own schooling and undergraduate 
Boys Girls 
Explosive Chemicals 
How it feels to be weightless in space 
How the atom bomb functions; 
Biological and chemical weapons and 
what they do to the human body;  
Black holes, supernovae and other 
spectacular objects in outer space. 
Why we dream when we are sleeping and what 
the dreams might mean 
Cancer – what we know and how we can treat it 
How to perform first aid and use basic medical 
equipment; 
How to exercise the body to keep fit and strong;  
Sexually transmitted diseases and how to be 
protected against them 
 studies. There is widespread concern in many countries about gaps in performance in science 
and other subjects between indigenous and non-indigenous students (e.g. Thomson and De 
Bortoli (2008)). Aikenhead and Masakata Ogawa (2007) argue that school science tends to 
portray scientific ways of knowing as free from value and without context. This way of 
presenting school science, without multiple or contested views, tends to marginalize some 
students on the basis of their “cultural self-identities” (Aikenhead and Ogawa 2007, p. 540). 
Aikenhead argues elsewhere (Aikenhead 2001, p. 338) that only a small minority of students’ 
‘worldviews resonate with the scientific worldview conveyed most frequently in school 
science. All other students experience the single-mindedness of school science as alienating, 
and this hinders their effective participation in school science’. A further problem is the need 
to represent a broader range of identity futures consonant with science work. Elizabeth 
McKinley (2005) identifies the difficulty experienced by Maori women scientists in managing 
inconsistent images of themselves — as women, as Maori, as scientists — and argues that 
competing legacies of science, knowledge, and culture have built strong cultural stereotypes 
of Maori women, who in interviews describe being discriminated against, prejudged and 
overlooked in their scientific roles.  
In a similar vein, Angela Johnson (2007) in the U.S. described barriers to science-interested 
minority females’ continuing participation in STEM such as lack of sensitivity to their 
difference, discouragement, and a sense of alienation from school science. In describing the 
experience of these women moving through undergraduate science, Johnson concludes: 
The first step in making science more encouraging … is for scientists to recognize 
that science has a culture, and that certain types of students may find it challenging to 
understand and navigate this culture … if scientists cannot let go of narrow, 
decontextualized presentations of science, they will have difficulty winning the 
respect of women who see their interest in science as inextricably united to their 
altruism. … Science has a rich history of service to humanity. (p. 819). 
There is a significant body of research on the impact of identity on the education-related 
choices of young people (Archer, Hollingworth, and Halsall 2007; Archer and Yamashita 
2003; Boaler 1997; Francis 2000). Many of these choices—whether or not to continue, which 
subjects to continue with, who I will aspire to become—impact upon each student’s success 
or failure in fulfilling his or her aspirations. Identity is a construct that goes beyond concerns 
such as curricula, intrinsic interest or career intentions, to frame aspirations and perceptions in 
terms of social relationships and self-processes instead (Lee 2002). Analysing decisions to 
participate in and choose STEM courses and careers through an identity framework, involves 
emphasising relationships with family, teachers, peers, and others, and identifying the degree 
of synergy, or disjuncture, experienced by young people between their everyday lives and the 
educational pursuit of STEM (See Archer et al. 2007). 
Schreiner and Sjoberg (2006) link the declining interest in school science, shown by markedly 
less interest in science in the developed countries compared to less developed countries, to 
identity characteristics of youth in late modern societies. They speculate that the main reason 
that young people, especially girls, are reluctant to participate in the physical sciences is 
because they often perceive the identities of engineers and physicists as incongruent with their 
own. There is an abundant literature (Boaler 1997; Lightbody and Durndell 1996a; Mendick 
2006; Walkerdine 1990) which argues that STEM subjects and careers have a masculine 
image that leads girls to reject identities connected with STEM. Schreiner and Sjoberg 
suggest that, if this perspective is correct, then attracting more students into STEM pathways 
will require transforming the images of STEM work to address the ideals of contemporary 
youth, and updating the content and practice of school STEM subjects to make these values 
 more apparent. They identify these ideals as connected with late modern values such as self 
realisation, creativity and innovation, working with people and helping others, and making 
money. 
This research into the interactions of identity with the nature of science and school science is 
important in making us aware of the complexity of the issue of response to school science, 
and that if we are to engage students with science in school, thought needs to be given both to 
the complex and varied histories of students that attend our classes, and to the nature of the 
science curriculum. We cannot hope for a simple match, and the strong message is that if we 
are to enlist young people into science subjects or even science-friendly positions, then it will 
be necessary to present a richer vision of science and its value in school.  
2.3 Other factors affecting student aspirations – reaching parents 
As has been pointed out in the section above, interest in science is a strong factor in 
explaining student aspirations, and this is linked to early life experiences, and gender and 
cultural identities. Teacher quality, which can be conceptualised as pedagogy, is the other 
factor that dominates in the literature on student attitudes to science, and this will be 
discussed below. Other factors, however, have been shown to play a part in student subject 
choice, often themselves expressed through interest in the subject. These are (e.g. Fouad et al. 
2007): 
• self-efficacy in relation to mathematics and science; 
• teacher support;  
• parental expectations and encouragement; 
• career expectations and exposure to career guidance;  
• exposure to role models and successful adults; and  
• perceptions of the usefulness of the subject. 
These findings send a strong message about the importance of teachers and parents 
encouraging students to see themselves as competent in science and potentially interested in a 
science related career, and providing advice and encouragement in this regard. The influence 
of role models is consistent with the identity work described above. 
With regard to the provision of information and advice and encouragement in aspiring to a 
science related future, a number of governments have begun projects aimed at influencing 
public perceptions of science related work and careers. The UK has been actively focusing on 
public understandings of science as part of a response to the concern about participation in 
STEM, and the Victorian government has begun a project providing information to parents 
about the potential career pathways opened up by science studies.  
In Australia and the US there have been an active ‘Family Science’ organisations dedicated to 
linking parents with the science done in their children’s primary schools, through publications 
and activities, and the organisation of ‘Family Science nights’ where parents attend the school 
to participate with their children in a range of science related activities. These are often 
planned by the children and are a showcase through which teachers in the school can engage 
with a common purpose of representing children’s work in the school science curriculum. The 
organisation of family science involves workshops for primary school science coordinators / 
leaders based on activity materials designed to engage parents and children, and ideas for 
planning parent activities. It would be a short step to incorporate information and activities on 
science related work, or home based activities that encourage parents to interact with their 
children around science explorations. Examples of such materials which have appeared in 
Australia are: 
 • Profiles of people working in science related areas, that children could relate to; 
• Instructions for constructing artefacts with a science theme, such as cards, or simple 
toys; 
• Books of science activities for the home; 
• Ideas for parents to interact with their children on science ideas, that model productive 
questioning and support behaviours, such as ‘ideas for science explorations in the 
garden’; or 
• Children’s story books with a science theme – teachers could be encouraged to use 
these in the school as literacy texts. 
The Family Science organisation supports parents, teachers and children to become involved 
with promoting science in the school. The other type of informal organisation that has been 
run successfully in Australia and elsewhere has been the Science Club, with a science teacher 
enthusiast running activities during lunchtimes on a weekly basis. These clubs can involve 
parents with some science expertise. 
2.4 Attitudes to science, and pedagogy 
Internationally, there have been concerns about the increasingly negative response to science 
across the early secondary school years. There have been some indications that this decline in 
fact begins in the upper primary school or even earlier (SIS project team 2003). While the 
research described in this section relates mainly to secondary school teaching and learning of 
science, it is relevant to primary school as an indication of the type of science pedagogy that 
needs to be promoted in primary schools.  
In Australia a number of studies over the last two decades have shown a general decline in 
students’ interest and enjoyment of science across the compulsory secondary school years, 
with a particularly sharp decline across the primary to secondary school transition (e.g. 
Adams, Doig, & Rosier 1991; Goodrum, Hackling, & Rennie 2001). This decline in interest 
in science in these early years of secondary school is particularly of concern, since loss of 
interest in these years has ongoing implications for the pursuit of science subjects and careers 
(Speering & Rennie 1996; Lindahl 2007).  
In a questionnaire and interview study of student attitudes to science across the primary to 
secondary transition years, Speering and Rennie (1996) identified a number of interconnected 
factors that affected attitudes. They were: 
• the diminished personal nature of the teacher–student relationships forced in part by 
fragmented timetable arrangements 
• a change from an activity-based science program to one dominated by transmissive 
approaches 
• a curriculum that allowed little flexibility for the tailoring to individual students’ 
needs 
These findings emphasise some of the advantages enjoyed by primary teachers of science – 
the flexibility to pursue science activities relatively unconstrained by timetables, the personal 
nature of the teacher-student relationship, and the lower demands in terms of content 
coverage. 
What are the reasons for students’ increasingly negative attitudes to science across the 
secondary school years? A negative attitude towards the relevance of science content for their 
 lives was a strong theme in the Australian report on the status and quality of teaching and 
learning of science (Goodrum, Hackling, & Rennie 2001, Goodrum 2006, Rennie 2006). A 
number of studies have explicitly linked the decline in student interest with the nature of the 
traditional science curriculum and its inability to make science meaningful and interesting to 
students (Aikenhead 2005; Fensham 2006; European Commission 2004). 
For greater insight into the reasons for these negative attitudes to science we must look to 
closer studies of student perceptions of the nature of school science and the factors 
determining their engagement with it as an interesting subject or a potential career. Over the 
last decade there have been three separate studies conducted, in different countries, which 
have sought to locate answers to the questions of what is really turning our students off 
science, and what can be done about it. The three studies were from Australia (Lyons 2006), 
Sweden (Lindahl 2007) and the UK (Osborne & Collins 2001). They were similar in that they 
were substantially interview-based and dealt with students in the years in which they were 
making choices about their future studies.  
Lyons’s (2005) meta-analysis of the findings of these studies highlighted three major themes: 
• the transmissive pedagogy that characterised school science  
• the decontextualised content that did not engage students’ interest or commitment 
• the unnecessary difficulty of school science.  
Lindahl’s (2007) study, which was described above, found that students resented the lack of 
opportunity for personal opinion and expression in science, caused by the narrow range of 
transmissive pedagogies used. They were also not attracted to what she called the semiotics of 
the classroom: the smell of the laboratory, texts crammed with facts and teachers who did not 
laugh. In her study there were a number of academically strong students with an interest in 
science as presented in popular media, who rejected school science as something very 
different.  
Lyons (2005) characterised the transmissive pedagogy of science as a feature reported so 
widely that it seemed to be regarded as an inherent characteristic. Osborne’s and Collins’ 
(2001) informants talked of ‘right or wrong answers’ with no room for creativity or time, in 
the rush to ingest concepts, to discuss or reflect or offer opinions. They argue that this aspect 
of school science is a response to an overfull curriculum in which students are ‘frog-marched 
across the scientific landscape, from one feature to another, with no time to stand and stare, 
and absorb what it was that they had just learned’ (p. 450). They also found a perception of 
the irrelevance of school science to be ‘a recurring theme’ among students regardless of 
whether they intended to continue with science study (p. 449). They concluded that teachers 
too infrequently attempted to link science concepts to everyday life.  
It is a sad indictment of school science that it is not considered to related sufficiently 
to the ‘real world, technology and the future’, preserves that ought to be its own. 
(Lyons 2005, p. 599) 
Students in all studies recognised the importance of science content but nevertheless affirmed 
its ‘boring’ nature, characterised by Lyons as ‘science is important – but not for me’ (p. 600).  
This is consistent with the views of Aikenhead (2005) who argues that there is abundant 
evidence that traditional school science is not meeting the needs of students, and that curricula 
with the characteristics he identifies with humanistic science are of more interest. 
The last point on Lyons’ (2005) list, that of ‘difficulty’, was not straightforward. Difficulty 
was associated by some students with passive learning and memorisation, by other students 
 with unfamiliar terminology and concepts leading to disorientation, and by still others with 
intellectual challenge (though this was not necessarily cast as a negative). The willingness of 
teachers to listen and explain and support was highly valued. It seems likely the difficulty of 
scientific ideas is not a problem per se, but rather it is the lack of supporting pedagogy that is 
the problem, and the lack of student motivation due to insufficient attention being given to 
making the content meaningful. 
Thus far we have established that many children have formed a broad personal orientation to 
science during the primary school years, and that this orientation can be usefully seen through 
the lens of the identity construct. Gender, and a range of cultural and socio-economic factors, 
are critical in children’s identity formation. Figure 2 represents the idea that student 
engagement with science will be framed by student disposition and identity, which is what 
students bring to any learning situation, mediated by the characteristics of the task and the 
teacher on the one hand, and the image of what it is to ‘do’ science and technology or to ‘be’ 
a person who can engage with thinking and working scientifically, and might in future work 
in such an area. 
Figure 2: Interaction of identity with characteristics of the school science experience, in 
determining engagement with science in school (From Tytler et al. 2008) 
 
  
3 Effective approaches to teaching and learning in primary school science 
3.1 Teaching for engagement with learning 
From the above analysis, it seems clear that the engagement of students with meaningful 
science learning is not a matter of specific curriculum content but rather the broad orientation 
of the curriculum and in particular the associated pedagogies. What are the characteristics of 
teaching that supports student engagement with the ideas of science? How might we think of 
quality teaching in science?  
A necessary condition is good subject knowledge which provides a base level of confidence 
essential for providing high quality feedback and scaffolding (Hattie and Timperley 2007). 
Robin Alexander (2005) argues for a pedagogy based in a dialogic approach suggesting that 
whilst ‘rote, recitation and expository teaching’ might provide teachers with a sense of 
security and control, they make it less likely that the classroom will become a theatre for 
dealing with awkward, contingent questions concerning issues of evidence and reasons for 
belief – exactly the kind of interaction which Leo Van Lier argues is engaging (van Lier 
1996). 
In a large scale project in Australia, this issue of pedagogy became the core around which a 
reform process was designed. The School Innovation in Science project worked with more 
than 200 schools in the research phase, and developed a set of resources around a set of 
“components of effective teaching and learning in science”. These are shown in Table 2.  
The SIS Components were developed as a framework against which teachers could assess 
their own performance and progress, and as a common basis on which issues in teaching and 
learning could be discussed.  The aim was also to provide a ‘picture’ of what a classroom 
involving quality science teaching and learning might look like. 
The SIS Components (Table 2) were initially developed as a result of individual interviews 
with 13 primary and 6 secondary teachers from three Australian states who had been 
identified, through both professional reputation and student learning outcomes, as effective 
practitioners of science teaching.  The interviews involved a broad discussion stimulated by 
questions focussing on building up a picture of their science teaching, including: what 
happened in their science classrooms; what they considered to be the key purposes of 
teaching science; their values and beliefs concerning science teaching and learning; and what 
influences impacted on their practice. A number of common themes emerged from these 
interviews and subsequent workshop discussions, and these were compared with the findings 
from an extensive review of the international science education literature.  These led to a first 
draft of the components, which were further developed and refined through further teacher 
interviews, critical commentary from science education experts, and, importantly, validation 
through experience and analysis within the Project (Tytler 2001; 2003; Tytler, Waldrip & 
Griffiths 2004)  
The Components each have a number of sub-Components, and there is considerable 
documentation illustrating each, and linking them with ideas in the literature. The use of these 
Components to support teacher learning and school change will be described in a later 
section. For now, it should be pointed out that these Components, with their emphasis on 
higher order thinking, on reasoning through the coordination of ideas and evidence, on 
meaningful learning tied to students lives and interests, and on links with community science 
 practices, are consistent with the findings from the literature concerning student engagement 
in learning science.  
Table 2: The SIS Components of effective teaching and learning in science – a summary 
In classrooms that effectively support student learning and engagement in science: 
1. Students are 
encouraged to actively 
engage with ideas and 
evidence 
Students are encouraged to express their ideas and to question 
evidence in investigations and in public science issues. Their 
input influences the course of lessons. They are encouraged and 
supported to take some responsibility for science investigations, 
and for their own learning. 
2. Students are 
challenged to develop 
meaningful 
understandings 
Students are challenged and supported to develop deeper level 
understanding of major science ideas and to connect and extend 
ideas across lessons and contexts. They are challenged to develop 
higher order thinking, and to think laterally in solving science 
based problems.  
3. Science is linked with 
students’ lives and 
interests 
Student interests and concerns are acknowledged in framing 
learning sequences. Links between students’ interests, science 
knowledge and the real world are constantly emphasised. 
4. Students’ individual 
learning needs and 
preferences are catered 
for 
A range of strategies is used to monitor and respond to students’ 
different learning needs and preferences, and their social and 
personal needs. There is a focused and sympathetic response to 
the range of ideas, interests, and abilities of students. 
5. Assessment is 
embedded within the 
science learning strategy 
Monitoring of student learning is varied and continuous, focuses 
on significant science understandings, and contributes to planning 
at a number of levels. A range of styles of assessment tasks is 
used to reflect different aspects of science and types of 
understanding.  
6. The nature of science 
is represented in its 
different aspects 
Science is presented as a significant human enterprise with varied 
investigative traditions and constantly evolving understandings 
that also has important social, personal and technological 
dimensions. The successes and limitations of science are 
acknowledged and discussed.  
7. The classroom is 
linked with the broader 
community. 
A variety of links are made between the classroom program and 
the local and broader community. These links emphasise the 
broad relevance and social and cultural implications of science, 
and frame the learning of science within a wider setting. 
8. Learning technologies 
are exploited for their 
learning potentialities 
Learning technologies are used strategically for increasing the 
effectiveness of, and student control over learning in science. 
Students use information and communications technology (ICT) 
in a variety of ways that reflect their use by professional 
scientists. 
Subsequently, these components formed the basis of a generic set of Principles of Effective 
Learning and Teaching (PoLT) which became part of the Victorian (Australia) educational 
policy framing 
(http://www.education.vic.gov.au/studentlearning/teachingprinciples/default.htm)  
 Within PoLT, two further principles were added which reflect aspects of effective Middle 
Years (Age 10-14) practice which were not strongly represented in the SIS Components but 
arise from a considerable body of Australian research and experience (e.g. Luke et al. 2003). 
These principles emphasise the dual need for support and challenge in learning, and the 
development of student dispositions. They are: 
• The learning environment is supportive and productive  
• The learning environment promotes independence, interdependence and self-motivation 
This focus on relational aspects of teaching is illustrated for science by Darby’s (2005) study 
of a Year 7 class and their teacher. Darby used ethnographic methods to build a picture of 
students’ preferences in relation to science teaching. Students perceived engaging pedagogy 
as having both instructional and relational dimensions. Instructional pedagogy relates to the 
teachers’ tendency to use the students’ ideas in her conceptual teaching, particularly when 
introducing new concepts and when clarifying previously encountered understandings.  
Relational pedagogy referred to teachers’ interpersonal interactions with them, and was 
characterised by students’ expectation that a teacher: 
• is passionate and enthusiastic about the subject and teaching it;  
• creates a comfortable learning environment where the teacher is friendly, and students 
did not feel threatened to share their ideas publicly; and 
• provides help in developing students’ conceptual understanding  by being 
encouraging, attentive to students’ learning needs, and understandable. 
Darby argues that good teachers are aware that how they relate with students on a personal 
level affects opportunities for learning just as much as their methods of instruction.  
A profile of Suzanne Peterson (Tytler, Cripps Clark, & Darby 2009), one of the effective 
primary school teachers from the SIS study, illustrates the focus on the whole child and the 
development of capabilities that are particularly supported by science. In Suzanne’s words: 
To have children delight in the world around them is also a powerful motivating force 
for my primary science teaching. Engaging imagination and leading children to gain 
confidence in their own competence, to become reflective and responsible learners 
and to be joyful in their acquisition of skills and understanding is my key role as a 
teacher. To make meaning out of observation and experience is essential in becoming 
an active citizen of one’s community and world. It is important to me that the 
individuals of our society are imaginative, questioning and resourceful. Teaching 
science is, for me, a most effective means to achieve this realisation.  
And in the words of an observer of her classroom  
She argued that “science seems to be a vehicle for the best forms of pedagogical 
inquiry and practice, the most lively preparation for commitment to ideas and 
community and the experience of success and responsibility and autonomy in one’s 
own learning”. Thus, in her curriculum work at the school, and in professional 
development, she used science activities as the focus for broader considerations of 
pedagogy, children’s learning, and values. 
What was striking about Suzanne’s way of operating in the classroom and the way 
she talked about her pedagogical moves was the respect she had for her students. This 
respect was the cornerstone of her relationship with her students and was manifested 
in many ways, such as preferring the children to sit at their desks rather than on a 
“grotty floor”. Suzanne spoke passionately about how this relational dimension … 
underpinned all that she did. “It is the absolute core of what I am doing and the 
 subject matter just sits on top.  I just feel really confident about that underlying 
everything I do because it’s so important to me”. She talked about these relational 
issues from two levels, one where the teacher can trust the students to “do stuff and 
wander around the classroom and wander around with scissors”. At a much deeper 
level, she said that “in science I trust these kids to learn in that way and I know 
children learn by having their sleeves rolled up”. These relational issues are closely 
associated with Suzanne’s desire to promote a thinking environment and her 
knowledge about what children need to learn. (Tytler, Cripps Clark, & Darby 2009, 
p.25) 
The SIS Component; ‘Linking science with students’ lives and interests’ was the focus for 
many SIS schools’ initiatives. It emphasises the importance of linking science with students’ 
deeper interests and concerns: 
This component focuses on the need to develop classroom strategies, and curriculum 
topics and activities that are meaningful to students; their lives outside school, and 
their needs and hopes for their various futures. While this idea might include 
discussions of current fads or games or sports, or topics based around these, its full 
meaning goes much further than this. In a deeper sense it asks that student concerns 
and world views are not only accounted for, but central to the way science is framed, 
and that checks are continually made that the science program addresses these … 
This Component would include the idea that science teaching and learning helps 
shape and improve students’ lives and interests. (Deakin University 2003, p. 44) 
Examples illustrating this Component include the use of popular media, reference to students’ 
personal interests and social concerns, providing opportunities for students to voice their 
perspectives, giving students responsibility, and providing a stimulating environment.  
The pedagogies represented in this section are much more varied than the approaches that 
have been reported in many studies as representing traditional science classroom practice. 
They provide the possibility of addressing Lindahl’s (2007, p. 9) observation that: 
When analysing all the interviews it is so obvious to me that science teaching has to 
be more varied. Some pupils like one way of working, others like other ways, but all 
dislike doing it the same way all the time. Sometimes they all want to discuss, work 
together in groups, and to pose and work with questions from their own area of 
interest. In other words, they want to have more influence on their learning like they 
have in other subjects. 
The STEM review (Tytler, Osborne et al. 2008) identified a strong connection between 
interest, identity, and self-efficacy in framing students’ response to science. A key aspect of 
the identity construct relates to students’ perception of the nature of involvement in STEM as 
a possible future and the need to represent in primary school science the people who work in 
science and the nature of their passion for that work. Elsewhere I have argued (Tytler 2007) 
that traditional school science fails to adequately represent the nature of contemporary science 
practice and its personal and social relevance, and ways need to be found to either arrange for 
the school curriculum to better represent this practice, or to find ways of directly exposing 
students to the work of science professionals. These relationships are represented in Figure 3. 
 Figure 3: Identity, self-efficacy, interest and the nature of science 
 
Identity 
Interest Self-
efficacy 
Personal response to 
the world of STEM 
Nature of school 
mathematics and 
science 
Nature of STEM 
concerns and practice 
School science and 
mathematics relate to, 
but filter varied STEM 
practices 
Teachers and parents 
support student self 
efficacy, and 
establish links 
between the student, 
school subjects, and 
possible futures  Enrichment activities 
offer a conduit to STEM 
practice outside the 
school, and generate 
interest and possible 
identity congruence 
The student relates 
in the immediate 
instance to the 
school subject 
 3.2 School-community links in teaching science 
It has been argued, arising from the research on student identity, and also on interest and 
relevance, that the primary school science curriculum needs to link students to contemporary 
uses of science and to represent the work and experience of science professionals more 
directly.  
There is an increasing incidence of community projects that do this, in Australia and 
elsewhere. These are driven by a concern to make schooling more relevant to students and 
continuous with their lives. The SIS Components include this principle:  
The classroom is linked with the broader community. A variety of links are made 
between the classroom program and the local and broader community. These links 
emphasise the broad relevance and social and cultural implications of science, and 
frame the learning of science within a wider setting. (Deakin University 2003, p. 9, 
40) 
Many of the interviewees in the SIS research project employed community links in their 
programs. Examples included a secondary science coordinator in a school in a coastal area 
who drew on local resources to run units on dune ecology, waves and the physics related to 
surfing. Some primary schools explicitly nourished a range of community links as part of the 
setting of the science curriculum: 
Much of the school’s integrated program is science based. The program includes 
major emphases on community links including science competitions, local 
environmental projects, and links with outside bodies, professional development 
initiatives, and assessment and reporting initiatives. Rachel (the teacher) has worked 
hard to develop a culture of parent involvement in the school, and sees this as a way 
to drive the science initiative. (Tytler, Waldrip, & Griffiths 2004, p. 183–4) 
The SIS component was reconfigured in later more generic versions to emphasise more 
strongly the link between meaningful learning and professional and community practice: 
‘Learning connects strongly with communities and practice beyond the classroom’ (Victorian 
DE&T 2004). 
The SIS project spawned a range of school- and community-linked projects (Tytler & Nakos 
2003). These included a study, in partnership with the Victorian Department of Primary 
Industries, of the regeneration of the lower Snowy River, involving a cluster of primary and 
secondary schools; the construction of an environmental trail involving consultation with 
local botanists to advise on plant regeneration, a long-term study of frog ecology involving a 
group of Gippsland schools, and an on-line mentoring project involving robotics, in a number 
of primary schools. These schools generally report increased enthusiasm of students for 
science. The school reports make clear the significant engagement with science ideas that can 
occur in such projects.  
Rennie (2006) described school–community projects that were very successful in engaging 
student and community interest. One was a Year 9 air quality project that identified the major 
cause of air pollution in a mill town. The students began the project suspecting the local mill 
but soon established the cause to be domestic wood-fired stoves and heaters. They began a 
campaign for a buy-back scheme, and received an enormous amount of support and attention 
from the community. The case is a good example of a socio-scientific issue involving data 
collection (there were difficulties in negotiating a continuous on-line stream of meteorological 
data), argumentation, the intersection of science with social dimensions of an issue, and social 
action. As such, it offers a more authentic experience of a contemporary science issue than the 
more structured socio-scientific packages described above.  
 Rennie argues positive outcomes from these community projects, and identifies a set of 
guiding principles for the success of school–community projects, including that: they need to 
be based on issues coming from the community; they require local knowledge; they are 
integrated into science at the school; they involve negotiation and decision making with the 
community; and they have a tangible outcome.  
In a study of 16 ‘innovation exemplars’ from more than 200 science, technology and 
mathematics projects funded as part of the Australian School Innovation in Science 
Technology and Mathematics (ASISTM: http://www.asistm.edu.au/asistm/) project, Tytler et 
al. (2008) argued that the pedagogical practices spawned in these projects, for which 
partnerships with community or industry or university organisations was a requirement, are 
more varied and student centred than is traditionally the case in science classrooms. These 
approaches include: 
• Project based or problem based learning; 
• A strong skills focus involving scientific and related processes; 
• More open pedagogies where students are given increased agency; 
• The creation of knowledge by students rather than simply knowledge absorption; 
• A wider set of knowledges including knowledge of processes, interdisciplinary links, 
knowledge about the contemporary and local use of STM, and knowledge of people 
using STM in employment;  
• A ‘real’ audience for students’ work; 
• Field trips and projects in the local environment; 
• Working with scientists and with local community members; and 
• Involvement of parents and the wider school community. 
The study found that these projects increased student engagement with science, and also 
involved significant teacher professional learning. The authors advocated greater inclusion of 
such projects into mainstream practice, using a notion of innovation defined as the process of 
assembling and maintaining a novel alignment of ideas, practices and actors to respond to 
site specific issues and/or to pursue a vision. Thus partnerships between schools and 
community organisations proved productive in generating new practices that moved both 
teachers and students forward.  
 4 Trends in science curriculum, and teaching and learning 
4.1 Scientific literacy – science for the future citizen 
The argument for a broadening of the science curriculum to better meet the needs of all 
students underpins the call for a scientific literacy focus (Bybee 1997; Goodrum, Hackling, & 
Rennie 2001). Scientific literacy has been defined in different ways, but a commonly quoted 
definition is that developed by the OECD. The PISA assessment project describes it in terms 
of an individual’s: 
• scientific knowledge and use of that knowledge to identify questions, to acquire new 
knowledge, to explain scientific phenomena, and to draw evidence-based conclusions 
about science-related issues 
• understanding of the characteristic features of science as a form of human knowledge 
and enquiry 
• awareness of how science and technology shape our material, intellectual, and cultural 
environments 
• willingness to engage in science-related issues, and with the ideas of science, as a 
reflective citizen.  
Rennie (2006, p. 6), in her unpacking of the characteristics of a scientifically literate person, 
emphasises an action-oriented version of the scientifically literate person (see Figure 4) 
Figure 4: Leonie Rennie’s definition of scientific literacy 
 
Norris and Phillips (2003) also offer a list of conceptions of scientific literacy distilled from 
the literature, which includes the ability to distinguish science from non science, and some 
 more explicit items dealing with willingness to engage with science ideas. For example, they 
argue that a definition of scientific literacy should include:  
• appreciation of, and comfort with, science including a sense of wonder and curiosity 
• ability and wish to be an independent, lifelong science learner. 
Thus, there is a strong strand in writing about scientific literacy concerning students’ 
orientation to science, as well as their capabilities in understanding and applying science 
ideas. Osborne (2006, p. 3) argues that a science curriculum for all can only be justified if it 
offers something of universal value for all. He offers a broadly liberal agenda for the science 
curriculum which includes scientific conceptual knowledge, awareness of the epistemic and 
social practices of science, the more broadly cognitive, and the affective and social elements 
of learning and engaging with science.  
Roberts (2007) points to the universal subscription to / conscription of the term 
‘science/scientific literacy’ and a contradiction between two different schools of thought 
which he characterised as Visions I and II: 
On one hand, Vision I looks inward at science itself – its products such as laws and 
theories, and its processes such as hypothesizing and experimenting. According to 
this vision, goals for school science should be based on the knowledge and skill sets 
that enable students to approach and think about situations as a professional scientist 
would. Vision II, on the other hand, looks outward at situations in which science has 
a role, such as decision-making about socio-scientific issues. In Vision II thinking, 
goals for school science should be based on the knowledge and skill sets that enable 
students to approach and think about situations as a citizen well informed about 
science would.  (p. 9) 
We can see, therefore, that there are differences in emphasis in scientific literacy challenges to 
the traditional science curriculum. The challenges implied by Vision II are consistent in 
focusing on school science for future citizens rather than exclusively for future disciplinary 
experts.  
How do citizens use ‘science’ in their daily lives or in making sense of socio-scientific issues? 
Ryder (2001) conducted a meta-analysis of 31 case studies of people involved in a non-school 
science-related event or issue, such as old people managing energy use in their homes, town 
councillors dealing with the problem of methane generation in a land fill, parents dealing with 
the birth of a Down’s syndrome child, or a community involved in a debate about the use of 
recycled fuel in a local cement kiln. Ryder concluded that when people need to communicate 
with experts or take action they usually learn the science content required. Thus, meaningful 
science learning can occur when citizens interact with science in their lives. Ryder found, 
however, that: 
much of the science knowledge relevant to individuals in the case studies was 
knowledge about science, i.e. knowledge about the development of and use of 
scientific knowledge rather than scientific knowledge itself. Ryder 2001, p. 35 
Thus, structured content knowledge seems not to be as directly useful for citizens interacting 
with science, as knowledge of the nature of science.  
Aikenhead (2005) also argues (p. 33) that canonical science content is the wrong type of 
content to use in most socio-scientific settings. He argues for knowledge about science and 
scientists as an important aspect of a humanistic science curriculum. Duggan and Gott (2002) 
in a review of a number of case studies of the science used by employees in science-based 
industries, and by the public interacting with science in their everyday lives, concluded that: 
 procedural understanding was essential in the higher levels of industry and in 
interacting effectively with everyday issues, while conceptual understanding was so 
specific that it was acquired in a need-to-know way. The implications for science 
education hinge on a substantial reduction in the conceptual content and the explicit 
teaching of the nature of evidence (procedural understanding). (Duggan & Gott 2002, 
p. 661) 
4.2 Investigative science and scientific reasoning 
Practical work has a long history within science education. Student surveys consistently 
identify practical work as a popular activity that should be maintained or increased. 
Curriculum writing for primary school science has long promoted ‘hands on’ approaches to 
science teaching and learning, on the assumption that experience is a great teacher 
(representing an empiricist bent), and that dealing with the objects of science contextualises 
the concepts of science and promotes student engagement with science ideas. These ideas are 
captured by the aphorism: ‘I hear, I forget, I see, I remember; I do, I understand’.  
Practical work in science fulfils a variety of functions: to illustrate, verify or affirm science 
concepts or principles; to engage students positively with the science enterprise (Hofstein & 
Lunetta 2004); to develop understandings of investigative methods in science, involving the 
gathering and use of evidence (Gott & Duggan 1995). Recently, particular attention has been 
paid to this latter function, in ‘working scientifically’ or ‘investigating’ strands of science 
curricula. There are two important arguments for emphasising this aspect of science.  
First, empirical investigation is a fundamental characteristic of the scientific culture and its 
epistemic base. The success of science in developing important and fundamental insights into 
the way the world works has been based on the development of a powerful approach to 
inquiry, based on respect for material evidence and careful reasoning, and set within a culture 
of openness, and critical scrutiny of knowledge claims. A central value position of science 
concerns a commitment to seeking material explanations of the world, and a commitment to 
upholding the centrality of evidence in deciding knowledge claims.  
The second argument refers to citizens’ ability to engage with evidential issues in science in 
their personal lives and community issues. By engaging in investigations that involve a 
consideration of what constitutes reliable and valid evidence and how this evidence is used to 
establish knowledge, students will gain important skills in a variety of ways of reasoning, and 
develop a capacity to make judgments about evidence in scientific argument. There are many 
social issues that involve appeals to scientific evidence, such as the effects of waste disposal 
policies on the environment, of tourism on natural heritage areas, or of personal lifestyle 
factors on cancer risk. An understanding of how such knowledge is generated and evaluated is 
therefore a powerful aim for science education.  
There are a variety of purposes and approaches to practical work described in the literature 
(see Tytler 2007) that extend the traditional role of illustration and verification of ideas and 
techniques. School science needs to accommodate this variety, from set-piece design 
experiments and measurement and representation exercises to investigations that ask students 
to make decisions. In particular, in line with the need for students to engage in meaningful 
learning and with pedagogical principles aimed at students being challenged and actively 
exploring ideas, generally, they should be involved in investigating questions they themselves 
pose, reasoning and argumentation activities, and investigations that relate to societal and 
personal contexts and represent a range of ways contemporary science operates.  
Students need to be supported to develop investigative skills and knowledge, but as the work 
of Metz (1997), Tytler, Peterson and Radford (2007), and Tytler and Peterson (2005) shows, 
 even young children are capable of high level reasoning and investigation, and we should not 
withhold engagement with real questions and issues in science on the basis of a narrow view 
of a long apprenticeship in science research skills. From the earliest years, there needs to be a 
culture established in science classrooms concerning judgments about evidence and 
discussion of the reliability and validity of data, and of findings. The setting might vary from 
classrooms to fieldwork, to investigations involving community issues and perhaps links with 
community-based science researchers. 
For some socio-scientific investigations, the complexity of the science and the lack of direct 
accessibility of data sources mean that secondary data provided in case studies may be an 
effective approach. However, there are also many examples of schools and teachers engaging 
their students in real investigations of this nature, and some of these were described in the 
section on school–community links.  
4.3 The capacity of children to engage in scientific investigation 
In recent curricula, progression in knowledge of investigative design is often defined by the 
ability to deal with increasingly complex forms of experimental variables and their 
interactions. This notion has its roots in Piaget’s genetic epistemological theories that 
identified variable control as a key indicator of students’ development (Inhelder & Piaget 
1958). Many countries (Australia and the UK, for instance) have made increasing 
sophistication of variable control the basis of progressions in science investigative capability.  
Metz (1997) has argued that Piagetian notions of stage development have misrepresented 
students’ capabilities and have had the effect of ‘dumbing down’ the curriculum. She worked 
with teachers of students in their first three years of school, teaching ideas about form and 
function and adaptation, processes for measuring and representing time variation in animal 
behaviour, and distribution, and experimental design, before supporting students to ask their 
own questions and investigate them. This approach is exemplified in Suzanne Peterson’s 
small animal investigations in a Grade 3 class in Melbourne (Tytler, Peterson, & Radford 
2007) in which she builds students’ expertise in measuring, question asking and data analysis 
before supporting them in their small animal explorations, which involve speculation, 
multiple representations of data, and evaluation of their experiments. In both the Metz and the 
Peterson cases, students were operating at an investigative level far in excess of what tends to 
be the curriculum expectation based on progression in ideas of variable control.  
Similarly, design research carried out by Rich Lehrer and Leona Schauble (2006a, b), 
working closely with upper primary school teachers, demonstrates significant capacity of 
children of this age to generate mathematical models of plant growth and distribution, or to 
engage in reasoned discussion of factors affecting the health of a miniature pond system. An 
important aspect of their pedagogy in relation to a unit on pond life was a regular scientific 
forum in which children propose, carry out, debate, and report on a multi-factorial set of 
investigations. Children proved capable of critiquing experimental designs and generating and 
coordinating ideas and evidence. This research is based in socio-cultural ideas of children 
learning to participate in a scientific discourse community, with growing command of the 
representations that form the discursive traditions of science.  
Further, in a longitudinal study of children’s scientific reasoning in the early years of primary 
school, Tytler and Peterson (2005) have shown that Year 2 students can display higher levels 
of reasoning than generally acknowledged in curriculum formulations of progression of 
variable control capabilities. In this work, the authors identified higher levels of reasoning 
with the having of ideas and seeking evidence to confirm or contradict, and displays of 
flexible reasoning using sequences of ideas and evidence seeking. They pointed out that most 
 standard variable control experiments (e.g. an investigation of the relative grip of different 
brands of sports shoe, or the factors that affect the swing of a pendulum) do not involve 
hypotheses or conceptual ideas. Rather, they look for correlations between experimental 
conditions, a pattern seeking mode that is at a lower reasoning level not involving theoretical 
constructs. Such investigations fail therefore to engage students with scientific concepts, and 
hence fail to represent the essence of scientific ways of reasoning.  
While these types of investigation may be valuable for training in a common type of 
experimental design and procedure, to restrict investigative activity to these misrepresents the 
breadth and flexibility of scientific thinking, fails to engage students with the ideas that are 
the stuff of science, and limits the possibility of them generating their own ideas and meaning.  
4.4 Inquiry curricula 
The close relationship between the processes, and conceptual ideas of science, is exemplified 
by ‘inquiry’ curricula in science. Inquiry has a long history in the ideas of educators like 
Dewey (1996), Bruner (1960) and Schwab. Schwab (1962 1965) famously described the 
traditional science curriculum as a ‘rhetoric of conclusions’ and argued for a science 
curriculum that educates students in what he called the syntactical as opposed to the 
substantive structure of the discipline: the way science ideas are posed, experiments are 
performed, and how data is converted into scientific knowledge. Inquiry teaching has been a 
strong theme in the USA, and has counterparts in investigative and process emphases in 
curricula elsewhere, including in Europe.  
One of the difficulties of talking about inquiry curricula is that the term covers a multitude of 
methods, from illustrative, set-piece experiments, to investigations with strong guidance from 
instructions or the teacher, through to more open-ended investigations in which students pose 
and explore their own questions. In many documents for primary schools, the term seems to 
be used interchangeably with ‘hands on’ science, as in ‘hands on pedagogy’ in many learning 
areas. There is thus a need to clarify the terminology.  
Osborne (2006) makes the point that:  
Four decades after Schwab’s (1962) argument that science should be taught as an 
‘enquiry into enquiry’, and almost a century since John Dewey (1916) advocated that 
classroom learning be a student-centred process of enquiry, we still find ourselves 
struggling to achieve such practices in the science classroom. (Osborne 2006, p. 2) 
Denis Goodrum (2006) refers to the lack of uptake of inquiry in Australian classrooms, 
despite the consistent rhetoric of curriculum documents. Osborne argues for an inquiry 
perspective in school science on the basis of the need for citizens to be part of the decision-
making processes around ‘the developments of science and technology which are most likely 
to pose the political and moral dilemmas for the generations to come’ (p. 3). As described 
earlier, Osborne argues for a need to focus on how evidence is used to construct explanations 
and what criteria are used in science to evaluate evidence. With this in mind, he and 
colleagues (Simon, Erduran, & Osborne 2006) have worked with teachers to develop a model 
for introducing argumentation activities into science classrooms, aimed at modelling the way 
knowledge is warranted in science. The UK work on argumentation has produced curriculum 
materials: Ideas, Evidence and Argument in Science Education (IDEAS: 
http://www.kcl.ac.uk/schools/sspp/education/research/steg/ideas.html) which are being 
widely used. These involve activities that challenge students, and encourage them to 
hypothesise and resolve claims and counterclaims on the basis of evidence. 
 Osborne’s work focuses on epistemic processes within science, but is framed within an 
argument that acknowledges the broader setting within which science is practised and 
scientific evidence is considered, alongside other forms of evidence, in important decision-
making processes. There is a need to include inquiry within such expanded settings. There is 
considerable current interest in inquiry into socio-scientific issues as a means to develop 
students’ scientific literacy. These might include open inquiry into a real current issue such as 
the utilisation of local wetlands (Jimenez-Aleixandre & Pereiro-Munoz 2002), or structured 
inquiry into issues such as the use of gene technology (Lewis & Leach 2006) or the effects of 
contemporary technologies such as mobile phones (Leach, Hind, & Ryder 2003; materials are 
described at http://www.nuffieldfoundation.org). These, and most examples are explored at 
the secondary school level but there is scope for significant work of this kind also at the 
primary school level.  
4.5 A humanistic science education 
Aikenhead (2005) argues that there is abundant evidence that traditional school science is not 
meeting the needs of students, and that curricula with the characteristics he identifies with 
humanistic science are of more interest. Aikenhead labels traditional science education as a 
‘pipeline’ version of the science curriculum aimed at providing technical disciplinary training 
for future science professionals, as opposed to a humanistic version that would present 
science more broadly as a human endeavour. The contrast between these versions of science 
education is shown in Table 3. 
Table 3: Aikenhead’s contrast between a ‘humanistic’ and a traditional ‘pipeline’ version of 
science education. 
Humanistic science education Traditional science education 
Citizen preparation for everyday world Pre-professional training for scientific world 
Attention to several sciences (established, 
citizen, frontier, etc.) 
Emphasis on established science 
Scientific and moral reasoning with values Solely scientific reasoning 
Knowledge about scientists and science Knowledge of canonical science 
Aikenhead’s vision of a humanistic science education aligns with Roberts’ (2007) Vision II 
science literacy agenda, emphasising learning about the operation of science in the world 
including the human practices of science and its social applications and implications as 
central to the purposes of school science. The humanistic science education column contains 
emphases that are consistent with the findings of the STEM review of Tytler, Osborne et al. 
(2008) concerning factors affecting students’ aspirations towards science.  
 This notion of a humanistic science education is echoed in a number of science curricula 
including Sweden’s ‘use of knowledge’ and Australia’s ‘science as a human endeavour’ 
organiser which is about:  
the way science influences society through its way of thinking and world view as 
well as the way societal challenges or social priorities influence the development of 
scientific research. It highlights the need for informed, evidence-based decision 
making about current and future applications of science that impact on society and 
the environment and on other social and ethical issues. It acknowledges that science 
has advanced through, and is open to, the contributions of many different people 
from different cultures at different times in history and offers rewarding career paths. 
It acknowledges that in decisions about science and its practices, moral, ethical and 
social implications must be taken into account. It is intended that students will use 
their scientific understanding to engage in a future-oriented way with relevant local 
or global issues in addition to sustainability. (MCEECDYA 2006, p. 8: 
http://www.mceecdya.edu.au/mceecdya/statements_of_learning,22835.html)  
Thus this organiser, which sits alongside ‘science as a way of knowing’ and ‘science as a 
body of knowledge’, picks up on social, personal and ethical aspects of science and also 
contemporary socio-scientific issues, and human aspects of science work including careers.  
4.6 Aesthetics and science 
One of the key critiques concerning current practice in science education, is that it is too 
heavily skewed towards the abstract conceptual canon of science, and too often ignores the 
realities of students’ own lives, interests and feelings. Many studies have demonstrated that 
meaningful learning must involve the coming together of the conceptual and the 
emotional/aesthetic.  
Bloom (1992) has shown children’s thinking to be extremely fluid, progressing via a rich 
selection of episodic knowledge, metaphors, interpretive frameworks and emotional, ethical 
and aesthetic commitments. Tytler and Peterson (2000, 2004) have shown how students’ 
interpretation of a science learning task is coloured by social and personal emotional factors, 
with each student constructing a view of the task, and indeed what it means to learn science, 
that is very individual and identity related. They talk of students’ ‘narratives of the self’ to 
describe how they respond to a learning situation through their narratives of themselves as 
learners, members of the class, friends, etc. Thus, one student might see him or herself as a 
neophyte science explorer, speculating and telling narratives in explaining phenomena; 
another student might search for a correct form of words to close off the explanation; and yet 
another might take an imaginative approach to dealing with phenomena, moving quickly 
across incompatible ideas. The task for each student is quite different, and they bring varying 
and different capabilities to bear on creating meaning.  
Interest in the work of John Dewey (1996) has been recently revived, drawing on Dewey’s 
pragmatic casting of the mind as an adaptive organism for making sense of the world, and his 
emphasis on the continuity between classroom learning and students’ lived experience, and 
between conceptual reasoning and the aesthetic. This latter issue forms the theoretical basis 
for a Swedish research program exploring the role of aesthetic experience in Science 
Education. Wickmann (2006) argues that the traditional opposition between aesthetic and 
value positions on the one hand, and conceptual work on the other, is a false dichotomy, and 
that each is constitutive of the other in scientists’ work. Aesthetic judgments are not separate 
from learnt ways of understanding, as general dispositions, but should be seen as an element 
of the culturally determined, learnt discursive practices of science.  
 To Dewey, it was clear that the scientist, like all humans, does not rely exclusively on 
cognition, but also on values and aesthetic meanings during work.  
When reading scientists’ own biographical remarks it becomes evident that aesthetics 
is not shunned in their research. Quite the opposite is the case. Aesthetic experience 
is everywhere evident in their daily life as scientists, in the creative moments, in 
finding new connections and results, and in communicating science with others, but 
also in the intimate relationship scientists often have with nature. (Wickmann 2006, 
pp. 17 19) 
By aesthetics, Wickmann is referring to matters of taste, appreciation, or of interest, and 
preference, related to science activity – expressions dealing with beautiful/ugly or 
pleasure/displeasure. He demonstrates how aesthetic expression intertwines with conceptual 
statements as students interact to learn science, and that approaching an understanding of the 
science of an object involves negotiating aesthetic categories also.  
Extending this program of research, Jakobson and Wickmann (2008) showed clearly how 
primary teachers of science blended aesthetic and conceptual talk in challenging and 
motivating students in a science class.  
Research by Darby (2008) examines the nexus between classroom practice, and teachers’ 
beliefs, values and commitments in relation to science and school science and the nature of 
teaching and learning, with a framework called “aesthetic understanding” derived from a 
Deweyan perspective on aesthetic experience. To have an aesthetic understanding of what it 
means to teach a subject is an indication of a) where a teacher’s passions lie with respect to 
teaching the subject and the discipline, b) to what extent a teacher has a coherent and intuitive 
sense of what is required to teach the subject and bring it to life for students, and c) how the 
teacher is transformed by what they know as they develop an identity in relation to the 
subject. From this perspective, the task of working with primary teachers to increase their 
commitment to significant learning outcomes in science is as much a question of transforming 
their response to science as a worthwhile teaching and learning focus, as a question of 
knowledge (content knowledge or pedagogical content knowledge) or teaching and learning 
skills.  
4.7 Narrative cognition and learning 
Hellden (2005), in a 12-year longitudinal study of students’ ideas about the recycling of 
biological matter and biological purposes, found a continuity over the years in the way the 
students explained phenomena, and in the references they used. In later interviews, in probing 
what underlay this individual continuity, he found that students responded to situations 
according to episodes from their earlier lives that coloured and shaped their explanatory 
views.  
Bostrom (2006), in research into how Swedish teachers of senior chemistry make science 
meaningful for their students, found that they tell narratives that demonstrate the connection 
between chemistry and their lives. These narratives were often used as personal anecdotes, 
but included historical stories of science, and also units of work that were based on narrative, 
such as the class that traced the amount of greenhouse gas emission involved in each stage of 
manufacture of a chocolate bar. In interviews with adult and senior students, she found that 
they, too, told narratives about chemistry in their lives, in describing the meaningfulness of 
chemistry. Bruner (1985) describes two modes of cognition: paradigmatic or logico-scientific 
cognition, which consists of formal knowledge structures aimed at establishing truth; and 
narrative cognition, which consists of stories of interest, rooted in human action and intention, 
aimed at creating meaning.  
 Each provides a way of ordering experience, of constructing reality and the two are 
irreducible to one another. Each of the two ways of knowing have operating 
principles of its own and its own criteria of well-formedness. But they differ radically 
in their procedures for establishing truth. (Bruner 1985, p. 97) 
Darby (2008), in a video study of secondary teachers of mathematics and science, also found 
that teacher stories had a strong place in meaning making in science classrooms by relating 
the content of the subject to students’ lives.  
The story of science, from its inception, has seen the progressive exclusion of aesthetic or 
contextual statements from the scientific paper, with decontextualised abstraction established 
as the predominant mode of public scientific discourse. This tradition has tended to dominate 
science textbooks, and underpins science curricula. Yet popular writings of scientists are 
replete with narratives and aesthetic expression, and the research above shows that teachers’ 
and students’ understandings are grounded in narrative, and aesthetic discourse. This needs to 
be more strongly acknowledged in science curricula, and also in the professional learning of 
teachers of science.  
4.8 The purposes of science in primary schools 
There is a strong argument in favour of having the purposes of science differ for different 
stages of schooling (e.g. Fensham 2006). In the upper secondary school for instance it seems 
clear there needs to be a strong focus on disciplinary content as students prepare for university 
studies. It would seem a mistake, if the amount of science taught in primary schools was to 
increase, that it follow the same purposes and nature as the traditional secondary school 
science that students are expressing dislike for. That is, primary school science should not be 
based around a carefully scripted sequencing of canonical content. Rather, the argument from 
the analyses above would suggest that the purposes of primary school science should focus on 
engendering positive dispositions towards science and scientific ways of thinking, taking a 
broad approach that includes introducing students to the work and commitments of science 
professionals, and preparing them to become active and effective learners of science in their 
future lives.  
Symington and Tytler (2004), as part of a program intended to widen the voices speaking to 
school science, interviewed 15 community leaders concerning their views of the purposes of 
school science. These community leader informants argued for an education ‘for science in 
life’, broadly conceived and designed to engage students at a personal level, rather than an 
education for doing science. In the interviews there was notably little mention of the 
importance of accumulating knowledge in a traditional sense. Instead, the informants 
emphasised the need to develop in students a positive view of science that disposes them, on 
leaving school, to engage with science ideas and developments. This position is consistent 
with a ‘humanistic’ perspective on school science (Aikenhead 2005; Fensham 2006).  
Clearly, one cannot develop a positive disposition toward science without engaging with 
science ideas and practices, and science in primary schools needs to include significant 
conceptual engagement in science knowledge and ways of working. However, the argument 
is that specific knowledge should not be conceived of as the driving force in the curriculum 
and pedagogy. Rather, the focus should be on developing students’ natural curiosity and 
disposition to engage in science explorations and with significant science ideas and ideas 
about how scientists work, as part of their broader development. This is exemplified in 
Suzanne Peterson’s classes described above.  
 4.9 Re-imagining the science curriculum 
In the re-imagining science monograph (Tytler 2007) I identified four interlinked concerns 
that frame the current malaise in science education, that have galvanised government action in 
many countries: falling numbers of science students at all levels beyond the compulsory 
years; a current and looming shortage of teachers of science; the predicted shortfall in science 
trained professionals; and the many studies that show that our students in years 7-10 do not 
find science as compelling as we think it should be, compared to other subjects.  
In the review I argued that the cause of these problems in science education can be linked to a 
number of fundamental changes that school science has failed to respond to. These include: 
 Changes related to the nature of post – industrial societies. Results from the international 
ROSE (Relevance of Science Education) project (Sjoberg & Schreiner 2005) show a 
remarkable strong negative correlation between students’ response to science, and their 
nation’s developmental index. The less developed a country, the more its students like 
science.  
 Changes in the accessibility of science knowledge and in science itself—the way science 
is practised and the way it links with modern society has changed fundamentally since the 
basic shape of school science was set down (Aikenhead 2005; Ziman 2000).  
 Changes in the nature and expectations of youth— young people coming through 
secondary education are very different now to the faithful consumers presumed by 
traditional school science. They respond to the complexity and uncertain future 
characterising life in contemporary technological societies, by demanding flexibility and 
skill development in their education.  
A science education focusing exclusively on concept acquisition, delivered largely through 
transmissive pedagogies, does not stack up against the ideal of involving students actively in 
their learning, focusing on a range of skills and capabilities that provide flexibility and 
purpose for learning, and a sense of control over ideas. From the review, a re-imagined 
science education was outlined as a vision for the future, and this is represented in Table 4.  
In a foreword to the review, the noted plant biologist and then Australian Chief Scientist, Dr. 
Jim Peacock, made the following points: 
The way in which I learned science at school does not meet the needs of today’s 
students. In my lifetime, scientific research has broadened from an individual- 
oriented approach to team-based work and collaboration with other researchers and 
industry.  Collaborative science is essential if we are to address national impact and 
global problems such as climate change. A different skills set is needed in today’s 
scientists. … 
Science is a constantly evolving field. Thus, much of the content knowledge I learned  
in school and university was not directly used in my career as a plant scientist. I 
learned to approach individual experts in a field, tracking information in how to 
tackle an unknown.  
Every day we are faced with unfamiliar tasks and required to make decisions in 
unfamiliar contexts. Students will become more effective citizens by being able to 
locate, analyse and critique information to form their own opinions rather than being 
able to provide the atomic  number of an element such as lead. 
 
 Table 4: Strands for a re-imagined science curriculum (based on Tytler 2007) 
Conceptual 
content and 
context 
The curriculum needs to seriously cater for student interest and be set within 
contexts that will be meaningful to all students. The amount of content coverage 
needs to be reduced. Content should be chosen to represent contemporary practice, 
and with a view to its usefulness in students’ current and future lives as citizens. It 
should acknowledge value positions, and include sustainability as a major focus. 
Content specification needs to allow room for initiatives built around local 
conditions. 
The way 
science 
works 
The curriculum should strongly represent the nature of contemporary science and the 
way science ideas are developed and tested against evidence. Students should access 
historical and contemporary narratives of science inquiry including the work and the 
beliefs of science professionals.  
Investigative 
science: 
For some time ‘working scientifically’ has been an important part, in principle, of 
most science curricula. However, this is often too narrowly conceived and 
investigative design should encompass a range of methods and principles of 
evidence including sampling, modelling, field-based methods, data handling using a 
variety of representations such as graphs, tables, drawings and mathematical 
formulations, and the use of evidence in socio-scientific issues. Investigations should 
frequently flow from students’ own questions. The way evidence is used to develop 
and test science ideas is central to this. 
Capabilities 
relating to 
science 
The curriculum needs to explicitly aim to widen the purposes and student 
capabilities currently associated with school science to include understandings of the 
nature of science, the capacity to investigate and reason, dispositional capabilities 
such as interest and curiosity, and more generic capabilities such as thinking 
analytically, communicating and working in teams, and creativity and imagination. 
More work needs to be done on how they can be developed and assessed in science. 
The setting 
of school 
science: 
A development that is increasingly attracting interest is the linking of school science 
with community and industry organizations to create more authentic settings for 
science and represent contemporary science practices and concerns (Rennie 2006; 
Tytler et al. 2008 ). Design competitions, environmental monitoring and regeneration 
projects, and biological survey work are examples of these. Research has shown the 
potential of such initiatives to engage both teachers and students in significant 
learning. Ways need to be found to embed school–community initiatives into the 
curriculum in sustainable ways. 
Assessment Assessment approaches need to be developed that support a wider range of 
curriculum emphases. This includes assessment of investigative capabilities, the 
capacity to explore science in social and ethical contexts, reasoning and 
imagination, and understandings of the nature of science. Ways need to be found to 
embed authentic, learning-based assessment in mainstream practice, alongside 
more imaginatively conceived test-based items. 
 
  
5 Issues in primary science education 
5.1 Science in primary schools 
In this section I will draw mainly on Australian research to identify key issues associated with 
the teaching of science in primary schools, These issues, however, are also reflected in 
literature in other OECD countries.  
The amount of science taught in primary schools 
The amount of time spent on science in primary schools has been a concern for government 
policy makers for some time. However, estimating the amount of science taught, in terms of 
hours per week, is a very difficult task for a number of reasons. Since most schools teach 
science in an integrated setting, it is difficult for teachers to keep track of or even identify 
when they are teaching science (eg. ASTEC 1997). Science teaching can occur informally, 
relating to other topics, or arising from student interest, or associated with excursions. There 
has been a history of studies into Australian Primary Science, spanning more than three 
decades, that have reported disappointing findings concerning the amount of science taught, 
and the willingness or capability of teachers and schools to make it a high priority (eg. 
Appleton 1977; Appleton & Symington 1996). Anecdotal evidence, and some published 
studies, suggest that in many classrooms in Australia, there is to all intents and purposes no 
science taught. A report on the status and quality of Australian Science Education (Goodrum, 
Hackling and Rennie 2001) was more optimistic, with findings that seem to indicate that most 
primary schools in Australia are spending in the range of 30 – 90 minutes per week on science 
with a mean time somewhat less than one hour. Suspecting a difficulty with estimating the 
time spent on science, as part of the School Innovation in Science (SIS) research project 
(Tytler & Griffiths 2003) we devised a survey that asked teachers to identify science that was 
taught in stand-alone, integrated or informal settings and combine these. We found that in 
these SIS schools the median number of hours was 2.1, which was high compared to other 
estimates perhaps due to the self selected nature of the schools. This doubled during the 
project. Evidence for the low status of primary schools in science could be found in the fact 
that initiatives in SIS for secondary schools focused around teaching strategies whereas for 
primary schools there was a strong initial emphasis on resources and an ongoing emphasis on 
curriculum planning. In most cases schools expanded the number of units that were science 
based. Having a dedicated coordinator of science was an important aspect of the project, since 
we found that many primary schools either did not have a coordinator for science, or the 
coordinator was a relatively junior member of the hierarchy in the school. 
Particularly at the lower primary school level, teachers, parents, politicians and the 
community tend to have a view that the critical conceptual task for children is the 
achievement of literacy and numeracy. This view is supported by a long tradition of 
development of agreed measures which track, and benchmark achievement in these areas. 
One of the difficulties encountered by the SIS project was the unwillingness of most primary 
schools to run with the project in the early years of schooling since there was a major policy 
focus on literacy and numeracy that demanded regular blocks of time on these subjects during 
each morning’s schedule. For most schools it proved pointless to provide evidence that 
science is in fact a powerful vehicle for literacy and numeracy education since in fact a 
different orthodoxy had been established. This perceived competition between literacy and 
numeracy and science is one of the reasons underpinning the strategy of the Australian 
 Primary Connections project, which links science directly with literacy and has been 
relatively successful in enlisting the support of primary teachers. In Victoria, the advent of a 
testing program in science in the late 1990s saw an increase in focus on science in primary 
schools and an increased willingness to plan for professional development in science. 
Once the SIS project ceased, the SIS science project officers were actively discouraged from 
engaging in science professional learning support since regional centres were committed to 
supporting new policy imperatives, again focused on literacy and numeracy. Recent research 
(Tytler, Symington, Malcolm, & Kirkwood 2009) on professional development in rural 
Australian schools, has found that schools are active in supporting professional development 
in generic aspects of education (e.g. assessment) and in literacy and numeracy, but that school 
based science PD is unusual because of the difficulty of getting enough teachers, even within 
a cluster of schools, to agree to this as a focus. Thus I would conclude that given the history 
of commitment to literacy and numeracy and generic aspects of pedagogy, compared with the 
relatively short history of science as a subject, and also the lack of comfort or commitment of 
primary teachers to science, it takes a special project with generous resource support to 
improve the profile of science in primary schools. During the SIS initiative, teachers in SIS 
schools were enthusiastic in their inclusion of science with the support of a trained 
coordinator and also a network consultant.  
Teaching Primary Science: teacher confidence, teacher knowledge 
The teaching of physical science in primary schools has been a relatively recent phenomenon. 
In Victoria, prior to the 1960s primary teachers traditionally taught a ‘Nature Study’ subject 
which focused on natural phenomena. Growing out of this, topics such as animal and plant 
life cycles, descriptive studies of animal groups, and more recently endangered species, have 
been well represented in primary school curricula. Physical, chemical and earth science are 
less so, despite them being part of the intended curriculum for more than 30 years. There have 
been many studies, in many countries, that chart the lack of confidence of primary school 
teachers in their ability to teach science productively (Appleton 1992; Harlen 1997; Skamp 
1991). This is largely held to be related to their lack of science knowledge (Jeans & 
Farnsworth 1992). A series of studies in the late 1980s (eg. Kruger & Summers 1989, Kruger, 
Palacio & Summers 1990, Summers & Kruger 1992, Webb 1992) explored primary teachers’ 
understandings of key ideas in science, with the general finding that the explanations primary 
teachers could give were at best incomplete, and often showed the same sorts of 
misconceptions found for secondary school students. These rather negative studies, however, 
can be misleading in that they mask very real differences between the ways in which adult 
teachers and school age students engage with knowledge. Tytler (1993; 1994) found that 
primary teachers, while they initially expressed many of the alternative conceptions displayed 
by school students in relation to air pressure, were much more sophisticated in the way they 
generated new ideas, in the way they linked ideas across phenomena, and in the principled 
nature of their explanations. Harlen (1997) also refers to ‘the relative ease with which 
understanding of some big ideas was developed by the teachers’ (p. 335) and goes on to 
‘suggest that what holds back teachers’ understanding is not ability to grasp ideas but the 
opportunity to discuss and develop them’ (p. 336).  
Results from a Baseline Survey of 1000 teachers, conducted for the Victorian Government 
(Gough et al. 1998) only partly confirmed the lack of confidence of primary teachers to teach 
science. The number of primary teachers who declared themselves ‘moderately’ or ‘very’ 
confident to teach each of the science strands varied between 50 - 70%, which was not 
substantially lower than for secondary teachers. There were differences between strands, with 
most confidence being expressed in the life and living strand, and least in natural and 
 processed materials. Primary teachers were significantly less confident of their ability to teach 
science investigative skills (36-47% compared to 69% for secondary teachers).  
One of the critical factors related to primary teachers’ willingness, or time to develop science 
knowledge, is their perception of the importance of the subject within the curriculum. Given 
the considerable (some might argue unreasonable) demands placed on teachers to master so 
many subject areas, it is perhaps not surprising that some judgments about priorities are made. 
There is some evidence that government pressure, and resource provision, can make a large 
difference. Carre and Carter (1993), report a study in the UK that found that primary school 
teachers ranking of science, in terms of how competent they felt to teach it, jumped from 
tenth to third over the years 1989 – 1991, with the introduction of the National Curriculum.  
However, one must be careful about simply aiming for more representation of science in the 
curriculum. A study of the English National Curriculum (Russell, Qualter & McGuigan 1995) 
raised the question of whether the emphasis on content coverage and assessment of outcomes 
in the UK had led to a restricted view of both assessment and the curriculum. From working 
with a range of primary teachers to develop strategies for teaching for conceptual 
understanding, they argue that the  
sense of pressure to deliver content knowledge to all children has tended to erode 
what predisposition there was to teach science within an investigatory style and has 
increased an expository mode which ignores individual differences. (Russell, Qualter 
& McGuigan,1995) 
There is thus the risk, that the strategies for increasing the amount of science taught may 
themselves compromise the quality of teaching that already exists. Similarly, a recent UK 
report has criticised the national curriculum as having led to a focus on superficial 
understanding. 
There is some evidence (Harlen 1997, Harlen & Holroyd 1997) that confidence with teaching 
science is not simply related to science knowledge, in that the development of teaching 
strategies can mask a lack of content knowledge, rather than be built upon it. Some teachers 
expressed confidence in a variety of aspects of teaching science (such as introducing a topic, 
explaining ideas or responding to pupils’ ideas), despite lack of confidence in their content 
knowledge, and a demonstrated lack of this knowledge itself. A majority of the 34 teachers in 
Harlen’s study were judged as having low understanding, yet a minority expressed low 
confidence in teaching science/technology. Harlen (1997, p. 335) lists strategies used by 
teachers to cope with low confidence in their ability to teach science, including avoidance, 
keeping to topics such as biology where confidence is greater, stressing process rather than 
conceptual outcomes, relying on books or worksheets, emphasising expository teaching and 
underplaying questioning and discussion, and avoiding all but the simplest practical work. 
The other reasons primary teachers cite for the under representation of science in the 
curriculum (Jeans & Farnsworth 1992), are the lack of access to equipment, or support for 
organising equipment, and lack of time. Anecdotally, there is discomfort with the ‘mess’ and 
the amount of preparation that science activities often involve, resistance from school cultures 
which frown on the level of noise and movement involved in group practical investigations, 
and lack of familiarity with the pedagogy of small group practical activities. These cited 
reasons may, of course, mask deeper underlying reasons. There is also the possibility that 
primary teachers, few of whom have science qualifications beyond secondary school level 
and very few who have studied physical science beyond the compulsory years (Gough et al 
1998), are not disposed to be interested in science, nor themselves have a view of the nature 
 of science knowledge that would provide insight into how it can form the basis of productive 
learning experiences for children.  
In a situation where methods of teaching that are responsive to student views are increasingly 
promoted, the demands on content knowledge increase rather than decrease. Goldsmith and 
Schifter (1997), charting similar developments in the area of mathematics education, 
emphasise the fundamental nature of the change required in shifting from traditional 
transmissive views to a concern to ‘(re)invent their teaching practice to create classroom 
cultures that promote learning for understanding’(p. 25). In their detailed discussion they 
emphasise the importance of content knowledge.  
Simon (1997) also emphasises the critical importance of teachers’ understanding of 
mathematics, their conceptions of the domain of mathematics, and the ability to make sense 
of students’ ideas - ‘the teacher’s own mathematical understandings and ability to analyse the 
conceptual field in question guide the teacher’s identification of potential student learning. 
Observation of and communication with students lead the teacher to form models of the 
students’ mathematics. These two interacting sources of knowledge are the basis for the 
teacher’s choice of learning goals for the students (p. 78)’. 
From these and other studies in the field of science (eg. Tytler et al. 1999, Harlen 1997) we 
can argue that a teacher’s science content knowledge is critical for: 
• designing lessons for underlying science concepts and processes; 
• engaging students in exploration of scientific ideas, beyond focusing on investigation 
processes; 
• recognising students’ conceptual difficulties with particular scientific ideas 
(distinguishing between valid and invalid reasoning); 
• asking questions that lead children to reveal and reflect on their ideas; 
• avoiding ‘blind alleys’; 
• providing relevant sources of information and other resources; 
• responding spontaneously and productively to students’ ideas; 
• monitoring progress in understanding, and taking advantage of teachable moments. 
The effect of lack of science discipline knowledge is not simply a matter of being able to 
explain or even engage with specific science phenomena. It impinges on a teacher’s view of 
the conceptual nature of a science curriculum. In their evaluation of the UK National 
Curriculum, Russell, Qualter and McGuigan (1995) reported that "... the evaluation team was 
surprised at how difficult it proved to be to engage teachers in discussion about pupils' 
conceptual progression in science. ..... many teachers ..... seemed to lack an internalised 
framework against which they could discuss progression". By contrast, the teachers were able 
to discuss progression in Mathematics and Language. In Victoria, even though most schools 
have a defined science curriculum, the science content tends to be accommodated within 
school themes which change regularly, or topics run according to the interest of individual 
teachers. A view of growing understanding within particular conceptual domains, appears to 
be a challenge to many primary teachers’ view of the nature of teaching and learning in 
science. Tytler et al. (1999), using evidence of the discomfort of teachers with a new strand 
within mathematics, discuss the way in which the status of science within the curriculum and 
teachers’ relative inexperience with student learning in science, has limited their conception 
of what might be productive to learn in science.  
 It seems, then, that the common wisdom that primary teachers lack the content knowledge 
and confidence to teach science is somewhat simplistic. Certainly teachers lack knowledge, as 
do secondary science teachers in areas outside their disciplinary major, but they can be quite 
knowledgeable particularly in the biological sciences. My experience has been that with 
support they can learn the science and the pedagogical content knowledge quite readily, and 
actively plan productive units of work. It seems also from the Harlen (1997) study that 
teachers can express more confidence in teaching science that a science educator might think 
is justified in terms of the learning outcomes that ensue. And here is the real point, that I 
believe primary teachers’ slowness to include substantial science sequences in their teaching, 
particularly with the physical sciences, relates, first, to the fact that many do not have a 
natural disposition towards the sciences and the associated passion that would drive their 
pedagogy. They therefore prefer to focus on areas in which they know they can nurture the 
children’s development at a deep level. Second, they tend not to have the depth of knowledge 
of science ideas in a form that would allow them to plan and execute productive sequences of 
activities, with a sense of how ideas might interrelate across lessons.  
In a study comparing professional development initiatives in mathematics and science (Tytler 
et al. 1999) we identified stages along which teachers’ professional learning needs 
progressed, from 1) access to activities that were interesting and do-able (see also Appleton 
(2002)), to 2) a need to understand the science ideas underpinning this, to 3) a need for 
support in developing sequences of lessons around a coherent set of science ideas. I have 
found, in more recent classroom studies of science enthusiastic teachers, that even teachers 
with a strong reputation for teaching science can run interesting activities without engaging in 
an ensuing conceptual discussion. Nevertheless I observed that their students were often 
productively engaged in the activities and in some cases negotiated within informal groups 
the underlying science ideas independent of the teacher. More recently, in a workshop for the 
Primary Connections project to which teachers brought samples of student work, we analysed 
the level at which assessment was occurring. These enthusiastic teachers were surprised to 
find that despite the richness of the activities and conversations they were having with 
students, their assessment pieces were uniformly at a low, descriptive level rather than 
requiring of children that they identify patterns or generate conceptual explanations. Thus, it 
would seem that the critical task is to support teachers to appreciate the links between 
conceptual ideas and activities in a way that they can see the possibilities for substantial, 
worthwhile engagement of children with science ideas. 
6 Pedagogy 
The SIS Components (Section 4) were developed out of interviews with acknowledged 
effective teachers of science, to support a substantial reform initiative in Australian schools 
through an explicit focus on developing these in local school contexts. Experience from the 
SIS project demonstrated clearly the power of this pedagogical discussion when it was 
applied in an action planning process, in contrast to the lack of discussion of pedagogy that 
traditionally occurs between teachers. The project demonstrated that teachers’ representation 
of these components in their practice (measured through guided interview) linked with 
student performance on achievement tests, and on an instrument measuring a number of 
attitude constructs. The achievement test link varied over the two years and was different for 
primary and secondary schools (Tytler 2009). There was however a highly significant link 
between the extent to which a teacher’s practice was consistent with the SIS Components, and 
measures of most of the attitude constructs. 
 There has been more recent work in Australia, broadly consistent with the SIS Components in 
terms of teaching and learning approaches, which provides promising directions for 
improving practice in primary science at a system wide level. For instance, Primary 
Connections, the recent Australian primary science initiative conceived of and managed by 
the Australian Academy of Science (Academy of Science 2005), links science with literacy 
development. Originally the project was conceived of as a means to enlist the support of 
primary teachers on the basis that science could be used as a powerful vehicle to develop 
literacy capabilities in children, but as the project has progressed it has been more explicit in 
targeting specific literacies of science, and tapping into the growing literature which 
recognises that learning in particular discipline areas involves induction into the specific 
discursive practices of that area. Learning science, therefore, involves learning specific 
literacies involved in constructing scientific reports, representing scientific data (using 
specialised diagrammatic forms, tables, graphs), analysing and constructing explanations etc. 
For science in particular these involve the coordination of multiple representational modes 
(text, figurative, mathematical such as equations and graphs, gestural) (e.g. Lemke 2004).  
This approach exemplifies the link between scientific literacy and the literacies of science 
made by Norris and Phillips (2003), who argued that to be able to engage in any discussion 
about science and its applications one needs to be able to productively use the discursive 
tools, i.e. the literacies, of science. They further made a distinction between scientific literacy 
in a fundamental, and a derived sense, which is the distinction between literacies that are 
generic such as reading and writing and the ability to read graphs as a general skill, and 
literacies specific to science that involve being able to construct a science explanation for 
instance or to read a science diagram or interpret a science-related graph. Thus, Primary 
Connections pays explicit attention to developing scientific vocabulary, writing scientific 
reports, and constructing graphs and tables as part of the development of scientific 
understanding. The pedagogical approach draws strongly on principles of inquiry, with 
student exploration of science phenomena occurring at various points in the structure of the 
units.  
Structurally, Primary Connections draws on conceptual change ideas. Conceptual change has 
been a dominant theoretical perspective driving science education reform for some years. It’s 
origins lie in an enormous amount of research into student conceptions in science (Duit 2009) 
that show clearly that learning science involves much more than simply absorbing and 
building the concepts of science, but rather involves in most areas a substantial change in 
perspective. Developing scientific knowledge is in some cases better served by a metaphor of 
revolution rather than one of building blocks. 
 Table 5: The five phases of the Primary Connections units (5Es model) 
Phase Focus 
ENGAGE Engage students and elicit prior knowledge 
Diagnostic assessment 
EXPLORE Provide hands-on experience of the phenomenon 
EXPLAIN Develop science explanations for experiences and representations of 
developing conceptual understanding 
Formative assessment 
ELABORATE Extend understandings to a new context or make connections to additional 
concepts through a student-planned investigation 
Summative assessment of the investigating outcome 
EVALUATE Students re-represent understandings and reflect on their learning journey 
Summative assessment of the conceptual outcomes 
A fundamental tenet of conceptual change approaches is that it is not enough simply to ‘tell’ 
the science idea, but one must work with students to explore firstly their current conceptions, 
and engage in activities and challenges to support a shift to a scientific way of looking at 
things. This will involve learning to work with the new science ideas in a range of situations 
and to make judgements about their power to predict and explain phenomena. For Primary 
Connections, this movement from exploration through challenge to resolution is codified in 
the structure of the units by what they term the ‘5Es’ model. These five phases are described 
in Table 5, which also shows how assessment is conceptualised within the unit phases. The 
project has also utilised the pedagogical principles of the SIS project to underpin its 
approaches to learning.  
Details of the Primary Connections approach and units of work can be found on the website, 
http://www.science.org.au/primaryconnections/. The approach to professional development 
and school support is described in the next section.  
6.1 The role of representation in learning science 
A recent Australian Research Council project The role of representations in learning science 
(RiLS) has taken this literacy perspective in what are proving to be very productive 
directions. RiLS is generating pedagogical principles that instantiate a. socio cultural 
perspectives that learning science involves induction into the discursive practices of science, 
b. insights from recent work in cognitive science which acknowledge the role of perception 
and informal reasoning processes in learning and the role of language and representation in 
framing our thinking and learning, and c. inquiry principles of learning science.  
  
Figure 4: RiLS pedagogical principles 
1. Planning needs to be based on a clear conceptual focus to guide refinement of 
representational work. 
2. Representational generation and negotiation need to be the focus of teaching and 
learning, involving: 
• students being active and exploratory in generating, manipulating and refining 
representations 
• a strong focus on representational challenges 
• a rich perceptual/experiential context to activities 
• the generation and coordination of multi-modal representations 
• interplay between teacher-introduced and student-constructed representations 
• explicit discussion of representations 
• acknowledgement of the partial nature of any representation 
• ongoing assessment of adequacy of representations 
3. Activity sequences need to focus on engaging students in learning that is personally 
meaningful and challenging. 
4. Formative and summative assessment needs to involve students in generating and 
interpreting representations.  
In working with both primary and secondary teachers over a range of science topics, 
analysing video records of classroom practice, student work, teacher insights and student 
learning outcomes, the RiLS team has developed a set of principles that essentially 
operationalise the SIS components dealing with explorations of ideas and evidence, higher 
level thinking, and assessment.  
The RiLS Pedagogical Principles are shown in Figure 4. Essentially these involve an explicit 
focus on students generating and negotiating representations in exploring and explaining 
science phenomena. The teacher’s role is to set challenges that involve students generating 
representations of science ideas, to introduce as needed the canonical representations of 
science (such as representations of the particle model of matter, or ways we might represent 
energy, or food chains), and to support students in coordinating and refining their 
representations. The approach draws on a growing literature advocating active generation of 
representations by students and the links between representations or models and reasoning 
and learning (Carolan, Prain & Waldrip 2008; Cox 1999; diSessa 2004; Ford & Forman 2006; 
Greeno & Hall 1997; Hubber, Tytler & Haslam 2010; Lehrer & Schauble 2006a, b; Prain, 
Tytler & Peterson 2008; Tytler & Prain 2009). 
In a Grade 5/6 (age 10/11) unit on animal adaptation for instance, teachers taught students 
how to use a quadrat for sampling and discussed with children how they might collect data 
and represent the animals found in a habitat and the habitat conditions themselves. Figures 5 
and 6 are excerpts from a student notebook and a group poster, showing representations of 
animal population within a habitat (diversity concept), and animal movement (structure and 
function concept). Analysis of student work on a three dimensional model to explore animal 
movement (Tytler, Haslam, Prain, & Hubber 2009) showed how different stages of drawing, 
 talk, 3D model construction, and gesture were combined by two students to reason and 
communicate about how a centipede moves its legs and its body in an undulating pattern. 
Figure 7 is a post test response for a Grade 5/6 unit focusing on molecular representations of 
evaporation. The project has demonstrating the close link between representations, reasoning 
and learning in science. Results from the project show clear evidence of significant student 
learning, of teacher enthusiasm describing student engagement in quality learning, and of 
shifts in teacher classroom practice and in their perceptions of what it is to learn science. The 
research team worked closely with the teachers in planning these units, and it remains to be 
explored how this approach might be effectively disseminated at a system level.  
Figure 5: Student graphical 
representation from notebook 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6: Representation of animal movement from group poster 
 
 Figure 7: An evaporation unit post test response to the question ‘where do the droplets fo 
water I clouds come from?  
  
 6.2 Assessment 
In this document I have argued for a widening of the purposes of science, including primary 
science, involving reform aimed at supporting significant changes in teachers’ pedagogies and 
beliefs. However, reform of this type involves the development of assessment approaches that 
can support teachers’ and students’ work. There are many instances where reform has been 
undermined by the persistence of traditional forms of assessment, and this is particularly the 
case in the current situation where in many countries, accountability systems and judgments 
about the health of national science education provision are made on the basis of pencil and 
paper tests such as TIMSS or PISA.  
Sweden is currently moving in a productive direction, commissioning research that can 
provide assessment models for such things as reasoning and conceptual learning evident in 
group discussion, and inquiry skills measured in practical contexts.  
The potential outcome dimensions arising from current reform initiatives in the science 
curriculum, aimed at engaging students in learning that prepares them to use science ideas in 
their adult lives in a variety of contexts, include: 
• Knowledge of science ideas, their inter-relations, and the way they are used in real 
situations 
• Knowledge and skills related to reasoning and investigating in science 
• Knowledge of the nature of science including the way evidence is used to establish 
explanations and theories 
• Knowledge of the way science is used in a variety of settings in the community, 
including inter-disciplinary settings and socio-scientific settings 
• Knowledge of people who work in science and the human aspects of science-related 
work 
• Creativity and imagination in using science ideas to pose and solve problems 
• Dispositional outcomes relating to: attitudes to science; willingness to engage with 
science ideas and explorations; appreciation of aesthetic aspects of science; and 
aspirations to continue involvement in science 
It would be very useful at a system level to develop a framework of assessment that includes 
such outcomes, and approaches to assessment for each of them. These approaches would 
potentially include  
a. approaches to planning that support teachers in sharpening their activity sequences to 
support a range of significant student outcomes; 
b. approaches to formative assessment that may include short answer or multiple choice 
items, questioning approaches and class discussion activities, and open ended tasks 
involving students in generating ideas and processing data; and 
c. approaches to summative assessment including short answer or multiple choice items, 
extended response items, rubrics that can be applied to project or investigative reports 
or field notes taken by teachers, rich tasks with rubrics that unpack a number of 
dimensions  
There are two reasons for the importance of assessment in supporting significant change in 
science education. The first is, that the need for change in practice will not be taken seriously 
if it is not valued in the assessment regime. The second is that in framing the nature of change 
 across a number of dimensions or purposes of science education, it is important to be able to 
explicitly represent just what the skills or knowledges are that are being aimed at. The task of 
developing measurement approaches for a variety of dimensions is the same as the task of 
clarifying just what these dimensions entail.  
There has been a considerable body of research built up around formative assessment that 
shows the importance of this for supporting student learning (e.g. Bell & Cowie,2001; Black 
& Wiliam, 1998; Black, Harrison et al. 2004; Black, William et al. 2004). Supporting teachers 
to make ongoing judgments about student learning, and responding by providing feedback or 
adjusting the teaching sequence, is a powerful entrée into the change process. In the area of 
primary science, I have argued that many teachers are not naturally committed to high level 
conceptual outcomes or student reasoning processes but rather let science activities work for 
themselves (Appleton 2002). In this case, a focus on formative assessment has the effect of 
sharpening their view of the real purpose of tasks.  
For instance, the teachers in the representation-focused sequences described above found they 
could make much sharper judgments about student understandings through the explicit nature 
of the representations they generated, and they could respond to this. This attention to clearly 
framed learning outcomes was an important factor in the quality of learning that ensued. 
Research by Eva Nyberg (2008), working with a Swedish primary science teacher over three 
years showed clearly the development of her teaching as she learnt to use formative 
assessment to take a genuine interest in children’s science understandings. The study shows 
how a focus on assessment can act as a driver for the co-construction by teacher and students 
of knowledge in science.  
7 Supporting teacher professional learning  
A considerable body of evidence now exists that identifies the quality of teaching as a major 
determinant of student engagement with and success in a school subject (see Tytler, Osborne, 
Williams et al. 2008). The significant question, however, concerns how to best support 
teacher improvement in a situation calling for significant changes in pedagogy.  A major 
OECD commissioned international review of school systems (Barber and Mourshed 2007) 
argued on the basis of comparative data across educational systems, using data on student 
outcomes, that reform efforts are often ineffective in delivering student learning and 
engagement if they do not reach down into classroom instruction, where the real effects on 
learning take place.  
7.1 Professional learning models to support significant change 
I argued above that the significant challenges for primary teachers involves building 
knowledge and commitment to support students to learn about science at a significant 
conceptual rather than descriptive level, when they themselves do not necessarily have such a 
background or commitment or interest. Often, what is needed is for teachers to be convinced 
that they can use science learning to support significant educative purposes involving the 
whole child. The key to this is the development of teaching and learning beliefs and skills that 
give more agency to students, and open up the possibility of new knowledges being produced, 
rather than simply rehearsals of well-known knowledge elements. These are significant 
changes, beyond the reach of simple content delivery models of professional development.  
Many studies over the years have shown that short-term professional development (PD) 
events are ineffective in promoting significant change in teacher and school practices (Hoban 
1992; 1997). The reasons for this are related to the lack of follow-through, the lack of 
 connection with school priorities or the direct needs and concerns of participants, and the lack 
of long term and systematic planning (Webb 1993). Many writers (e.g. Hargreaves 1994; Hall 
& Hord 2001) have emphasised that change in professional practice requires of teachers that 
they ground new ideas in their own personal experience. Joyce and Showers (1995), drawing 
on a large body of research, argue for the need to situate professional development within the 
school context. They discuss professional learning within a framework of cultural change, and 
argue the need for social support as people practise teaching strategies that are new to their 
repertoire or implement the difficult areas of a curriculum change. A number of contemporary 
large-scale reform projects in Europe, the US and Australia have incorporated these 
principles, placing the burden of change on teachers and schools and local networks rather 
than taking a ‘top down’ approach to reform through packaged materials (Beeth et al. 2003; 
Parchmann et al. 2006).  
I will use my knowledge of and involvement in a number of Australian system wide science 
education initiatives that involve well constructed but somewhat different professional 
learning models, to a) discuss the affordances and problems associated with different aspects 
of these and b) advocate a principled approach to teacher professional learning in science.  
7.2 Focusing on pedagogy 
Many large-scale projects have focused their attention on pedagogy (for instance Productive 
Pedagogies (Queensland DETA 2004) and School Innovation in Science (SIS) (Deakin 
University 2003; Tytler 2009)), leaving schools to make their own arrangements regarding the 
particular content they access. The argument for not specifying curriculum content closely is 
that content needs to be determined in part by local needs, and that once content has been 
decided, teachers can tap into a range of resource material to shape it to their needs, 
particularly if this is done on a network basis. However, the experience of SIS has 
demonstrated that this requires considerable support in schools. In SIS, as with other system-
wide reform projects involving local control and attention to pedagogy (Beeth et al. 2003; 
Parchmann et al. 2006), there was a significant sense of ownership of the reform, and there 
was significant change in classroom practice.  Figure 8 shows the change in practice across 
three years in the project, measured as a mean score out of 4 across a large number of SIS 
sub-components. 
SIS involved an action planning process that schools engaged in, focused around the SIS 
teaching and learning components but responsive to local needs and conditions. In SIS, the 
support for pedagogical change involved an interview between each teacher and a 
coordinator, the development of an agreed pedagogical profile and a plan for action, a set of 
audit practices to examine curriculum and teaching against the SIS Component framework, 
and a team approach to planning and reform. The initiative was supported by: a SIS 
Coordinator in each school who had been trained at a ‘leading change’ workshop; a detailed 
handbook with instruments to frame and monitor change; and an external consultant working 
with a network of schools. Some of these processes are now embedded within the Primary 
Connections program. It was interesting, within SIS, how often in school team discussion of 
particular teaching and learning strategies it was discovered there were science teachers 
operating at a high level in a strategy, with none of the other team members having been 
aware of this. Part of the power of SIS, as with other school-based initiatives, was to bring 
pedagogical discussion into the mainstream practice of school science teams. Figure 9 shows 
the growth in a range of science team practices for primary and secondary schools (Tytler 
2009), as judged by the percentage of coordinators rating each science team practice at a high 
or very high level.  
 Figure 8: Component 
mapping mean score for 
teachers in the SIS 
project, constructed for 
teachers after 1, 2 and 3 
years in the project. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 9: SIS Coordinator judgments concerning science team processes 
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 SIS has spawned a wide variety of initiatives, and the school and teacher change model 
(Tytler 2005; Tytler 2009) became very well regarded in Victoria and was adapted to other 
projects. The teaching and learning framework underpinning the initiative, and adopted by 
schools, was consistent with the principles arising from the literature. 
7.3 Resource based projects 
As a contrast to SIS, many change projects, such as Salters Chemistry, Twenty First Century 
Science, or Australian projects such as Primary Connections, have produced detailed 
resources, arguing that new ideas need new resources to exemplify them. The danger with a 
resource-driven approach is that the intention of the developers is all too easily subverted by 
teachers who overlay the materials with their own, possibly unreconstructed traditional beliefs 
and strategies. On the other hand, curriculum resources do have the advantage of clarifying 
the nature of the innovation. For maximum effect these models could be combined, as with 
the German Chemie im Kontext project (Parchmann et al. 2006) which involved the 
collaborative development of resource materials by participating teachers and schools. 
There are currently three science education initiatives supported by the Australian 
government, intended to provide a platform for Australia wide science curriculum innovation. 
These are the Primary Connections program (Australian Academy of Science 2005), the 
secondary science national program: ‘Science by Doing’ (SbD) (see the address by Dennis 
Goodrum: 
(http://www.qualityteaching.dest.gov.au/building_partnerships/national_forum.htm), and the 
STELR project (http//:www.stelr.org.au) which is an initiative of the Australian Academy of 
Technological Sciences and Engineering. The existence of these projects raises the issue 
directly as to effective models of teacher professional learning in supporting system wide 
change.  
Science by Doing is based on the Western Australian CASSP trial project (Goodrum 2006), 
which shares with Primary Connections (Australian Academy of Science 2005; Hackling 
2006) an underpinning professional learning model, involving the notion of participative 
inquiry. Goodrum (2006) reports that in the CASSP trial the participative inquiry sessions did 
not occur in many schools because of time pressures. Thus, the project, rather than achieving 
local commitment and ownership, rested on the delivered PD sessions and the student 
resources. There are three potential dangers with a project based on student materials, or to a 
lesser extent on teacher material resources: a) the sense of ownership of the reform is limited 
if there is no scope for personalising the materials; b) the materials will not be adapted to the 
specific needs of the school context; and c) the intended innovation may be subverted if 
teachers impose their own beliefs and strategies on delivery of the materials. In the SIS 
project, teachers in each school decided on their particular reform needs, framed by the 
pedagogical components, and planned around these. Two key successes of the SIS project 
were the change in teacher classroom practice, and the substantial improvement in school 
science curriculum planning. However, the absence of resources meant that a) schools did not 
have ready access to curriculum models that exemplified the components and considerable 
work was inevitably put into developing these, and b) once the project had finished in a 
formal sense there was no explicit body of curriculum material around which ongoing 
practice might cluster.  
The Primary Connections initiative is attempting to accommodate elements of both these 
models, developing teacher unit materials to exemplify inquiry approaches within a 
conceptual change model, but also developing a set of pedagogical principles related to SIS, 
and an approach to PD that assumes flexibility and a certain degree of local ownership of the 
 approach (Hackling & Prain 2005). This degree of flexibility paid dividends in the trial 
period, with trial teachers introducing modifications to the learning sequences, adding and 
subtracting to adapt the units to local conditions. Such flexibility is needed if teachers are to 
be encouraged to be responsive to their students’ needs, and to link science with the local 
context and community.  
In the Science by Doing project, trial schools were arranged in small clusters that were 
geographically proximate, and there was an expectation that the staff involved (at one or two 
year levels) would meet regularly, with support provided by the project team at least once 
during the year. An evaluation after the first year found that this aspect of the project was the 
most positively received by teachers of all the features. The modules themselves were 
moderately successful but criticised in a number of respects in terms of their engagement of 
students. They did serve, however, to exemplify for teachers what an inquiry approach to 
teaching and learning looks like, supported by discussions in the network meetings. In the 
second phase of Science by Doing there is a focus on the development of professional 
learning support materials, based around video accounts of competent teachers demonstrating 
a variety of features of effective inquiry teaching, including questioning, managing discussion 
and group work, and running practical activities. This aspect has yet to be evaluated, but 
initial reports indicate they are being well received by teachers. The STELR project, which is 
also inquiry based, is focused on renewable energy as the content area. Like the other projects 
STELR includes a detailed teacher manual and student support materials, and involves a 
professional development workshop and support back in schools. STELR also utilises an 
inquiry focus, explicit representational work, and incorporates elements identified in the 
STEM review as supporting student engagement such as societal issues and decision making, 
the human aspects of working in renewable energy science including careers, problem 
solving, and respect for evidence.  
7.4 Resources to support primary science education 
In these Australian projects there have been a number of different types of resources 
developed for teachers and schools, and students. In this section I will attempt to describe 
these in a systematic way, outlining their role and discussing their potential for improving 
science teaching and learning practice in primary schools.  
The STEM review found that the key aspect of practice that is needed to improve the 
engagement of students with science learning is pedagogy. Pedagogical change involves a 
change in science content knowledge and pedagogical content knowledge, and potentially a 
fundamental change in teacher beliefs about the purposes of school science and the nature of 
science learning. 
Workshops 
Resource provision in this case can involve time for workshops and teacher support. In the 
Australian projects an intensive workshop at the beginning of the project was used in each 
case to introduce the nature of the project and to develop a sense of enthusiasm and an 
understanding of the change task back in schools. In the SIS project the workshop was 
conceived of as a ‘leading change’ training event in which coordinators learnt about 
leadership issues and change management as well as the principles underpinning the project. 
In the second and subsequent years it was enormously helpful to have experienced 
coordinators present their insights into the leadership process, since they could speak with an 
authority appreciated by new coordinators. In Primary Connections there were lectures about 
the ideas underpinning the innovation, and the units were used to exemplify the pedagogy and 
structural sequence in both the lectures and associated activity sessions.  
 In both SIS and Primary Connections the workshop was attended by more than one teacher 
from each school (a senior and a younger teacher) so that they could offer mutual support 
back in the school. In SIS the principals of the schools were also briefed with an expectation 
that they would support the coordinator in tangible ways to enact change in the school.  
Support at the school: coordinators, critical friends, networks 
In these projects it was important to have a person at the school who saw themselves as 
having responsibility for managing the implementation / change process. With SIS the 
coordinator was given time release, at least of one half day per week, to support other 
teachers. In both SIS and Science by Doing a small amount of funding was granted to each 
school for equipment or catering for meetings outside the school. In both cases it was reported 
that this was beneficial beyond the amount granted, since teachers generally were willing to 
put in work towards change in a situation where they felt supported by the project. 
Having a critical friend or project officer who would drop by to support coordinators or attend 
planning meetings was an important element of both SIS and SbD. An experienced mentor 
could often make suggestions that would provided new and productive directions for planning 
in SIS, and the SbD and STELR coordinators reported very positive meetings where they 
were able to provide advice and interpretations of the materials. In SbD the focus of the 
conversations was on the nature of inquiry approaches and classroom practice associated with 
this.  
In other contexts it has been reported that university academics are particularly valuable in 
helping teachers with pedagogy since their background gives special insight into this. In SIS, 
the role was shared between academics and regional coordinators who had been teachers but 
were appointed for their reputation with professional development. It was necessary to train 
these people in the principles underpinning SIS, which were counter-intuitive at first, but 
these project officers became strong advocates and the guardians of the project. In the second 
and subsequent years we also employed our more successful and astute school coordinators to 
take on this role, so that the fund of experienced critical friends grew with the project.  
In SIS and SbD also, networks of schools proved very generative in providing mutual support 
and ideas for innovation and change. Meetings between teams of teachers could be very 
generative in comparing ideas and providing confirmation of the direction of change. In a 
companion project to SIS involving both science and mathematics, school networks embarked 
on special projects in assessment, for instance, or employed a professional development 
expert to suggest directions. Sometimes these networks developed curricula jointly and shared 
materials. PEEL (Project to Enhance Effective Learning: Baird & Mitchell 1986; Baird & 
Northfield 1992) in Victoria is a good example of a network approach to teacher professional 
learning. PEEL has been influential in other countries, including Sweden (Baird & Higglund 
1994), in encouraging teachers to discuss and enact quality learning approaches in their 
classrooms.  
Pedagogical resources 
Apart from workshop materials and personnel, the production of resources is an important 
adjunct of all these projects. Given that pedagogy is the core characteristic of an effective 
change process, it is important that the resources describe the pedagogy in a way that provides 
insight for the teacher as to what is really involved. Given the complexity of the teaching and 
learning process, this is far from a straightforward matter, and it is well recognised that the 
same words (e.g. open ended questioning, inquiry approaches, student centred approaches) 
can have as many meanings as there are people in a workshop. Thus developing language and 
 supporting material in a way that generates a shared understanding of the target pedagogy is 
both extremely difficult and of critical importance. 
These resources can be of a variety of types. In SIS, resources were developed to support 
teachers learn the pedagogical principles that formed the basis of SIS, and to relate these to 
their own developing practice. The core resource in this regard was the component map and 
associated documents, which was used by coordinators and teachers in a one-on-one 
interview to discuss the teacher’s classroom practice and directions for change in a way that 
was sufficiently explicit as to develop a shared language.  
In Primary Connections and SbD, teacher resource books were developed which described in 
detail the units and associated instructions and materials, but also the principles underpinning 
these. The units thus became the exemplars through which the pedagogy is intended to be 
understood.  
In the current SbD initiative, a set of video materials is being developed, featuring two or 
three teachers whose practice exemplifies different elements of inquiry teaching. These 
materials have been developed into teacher professional learning sequences with commentary 
and exercises embedded. The rationale for the videos is that seeing actual teachers enacting 
classroom processes is needed to develop a clear and common view of the various skills and 
processes involved in inquiry teaching.  
This principle underpins a proposal, yet to be funded, for a large Australian project which 
plans to use video analyses of teacher practice and student learning in science teaching 
sequences. The proposal is to select ‘good’ teachers and analyse their practice as a prelude to 
developing a bank of video material for science teacher professional development.  
Curriculum resources 
In the initial phase of SbD and in Primary Connections it is argued that it is necessary to 
develop explicit curriculum resources to exemplify approaches to teaching science, as an 
artefact around which professional learning conversations can take place in schools. As has 
been pointed out, there is a danger in doing this that teachers will simply take the resources 
and apply them without the accompanying discussion and reflection, so that the intent may be 
subverted. There are numerous curriculum projects that have reported this danger of lack of 
fidelity to the vision of the developers.  
However, there is no doubt that the existence of quality resources can of itself improve 
science teaching and learning in a system, and there are ways of combining such resources 
with professional learning structures so that a balance is achieved between teacher support 
and local ownership and reflective inquiry. The resources can be written as a set of teacher 
support materials and activity suggestions, or they can be much more structured around 
descriptions of ‘what to do’. Further along this continuum they may consist of sets of student 
books so that the teacher’s scope for individualising the materials is further restricted. The 
decision about where on this local control / no control continuum a resource should lie 
probably depends on the local culture of curriculum development as much as fundamental 
principles. In Victorian primary schools as in Sweden, there is a tradition of local curriculum 
development, so that the teacher advice manual could be the appropriate form of resource. For 
other systems, or indeed for many individual teachers, a more explicit framing may be more 
appropriate.  
Pre-service teacher scholarships 
The Primary Connections project provided, for students in primary science education, 
scholarships consisting of cash resources and sets of the Primary Connections materials. A 
 number of scholarships were made available for each teacher training institution, depending 
on size of cohort, and the selection was the responsibility of the institution. There was a 
requirement that the institution adequately represent the Primary Connections materials in 
their courses. In this way Primary Connections has been given wide coverage across teacher 
training institutions.  
Web resources 
Increasingly, education systems and initiatives are using websites to provide resource support 
for teachers. Thus, the more recent projects mentioned in this discussion have websites with 
presentations of the project and project principles as well as resources: 
Primary Connections: http://www.science.org.au/primaryconnections/  
Science by Doing: http://www.science.org.au/sciencebydoing/index.htm  
STELR: http://www.stelr.org.au/  
The Victorian Government also has a wide range of curriculum resources that include unit 
planning advice, explication of the curriculum documents, teaching and learning principles, 
and assessment advice supported by student work samples:  
There are many other providers of activities for primary science. The website of the Deakin 
University research group Science, Technology, Environmental and Mathematics Education 
(STEME) contains resources that include ideas for teaching, supported by interpretive 
commentary from the student conceptions literature, and a number of exemplar videos of 
primary school science teaching sequences: http://www.deakin.edu.au/arts-ed/steme/  
7.5 Teacher education 
One of the difficulties for primary science education is that pre-service teachers’ exposure to 
the teaching of science when on their practicum experience can be limited if there is not a 
tradition of teaching science in the school. This has certainly been the case with the 
Australian situation, where it has been shown that a minority of students teach science during 
their practicum experience, or are exposed to models of science teaching (Grindrod et al. 
1991). In response to this, the science educators at Deakin University have devised a model 
for teaching the science didactics course whereby the workshops of activities take place in a 
room (or hall or other space) in a local school each week. For the three hour session, one and 
a half hours is spent on an activity workshop, then students split into groups of two, each of 
which spends an hour teaching science to a small group of children. This takes place each 
week in the semester, so that by the end the students have an extended experience of 
interacting with children’s learning across a number of science topics, have designed 
significant learning sequences and have evaluated these as part of the assessment. In this way, 
students have direct experience of student learning needs and learning and teaching strategies 
at a very personal level. This interaction around the objects of science takes the form of a 
structured conversation that has its own moral demands – to take children’s ideas seriously 
and to move the conversation forward in a productive way based on ongoing assessment of 
their learning needs. This model has been operating now for 20 years and has a long history 
of positive student feedback. Other discipline areas at Deakin, and other universities have 
adopted the approach.  
The other approach that Australian universities are exploring is to establish partnerships with 
local schools such that the conditions under which teacher education students interact with 
schools can be negotiated and fine tuned to meet the needs of both schools and student 
teachers.  
 8 In summary: Ways forward for primary science 
This report focuses on approaches to primary science teaching and learning, and the 
professional development of teachers, that evidence shows will improve science engagement 
and learning in science in primary school classrooms. The argument I have constructed has 
drawn on a substantial research literature in primary science education, as well as first hand 
experience of a range of system wide projects in Australia, most of which has also been 
reported.  
Evidence from a major government commissioned review into the factors that affect student 
aspirations towards science, technology, engineering and mathematics (Tytler, Osborne et al. 
2008) indicates that children develop their aspirations towards or away from science across 
the primary and early secondary school years, largely prior to age 14. Thus, most practising 
scientists reported that their special interest in science developed prior to 14, and it has been 
shown that a child who at this age aspires to a science degree, is 3.4 times more likely to 
achieve a physical science degree. This early formation of aspirations makes the primary 
school years a critical period for supporting students to develop a positive view of science and 
the possibility of working in science.  
Apart from early experiences that students bring to school science, gender, and the quality of 
teaching, are the other key factors influencing students science aspirations. The research into 
gender indicates that girls and boys express interest in very different topics, and they have 
very different orientations to science. While boys’ interest is related to the more technical 
aspects of science (‘space and hardware’), girls’ interest is related to social and ethical 
aspects. We have discussed how gender, and other cultural aspects of science interest and 
aspirations, are usefully viewed through an identity lens. Doing science is ‘identity work’, in 
that responses to science are determined by students’ orientation to the world view 
represented in school science, and aspirations are a matter of students relating ‘who I want to 
be’ to their perceptions of the work people do in science related areas. The challenge for 
school science is to respond in some way to the diversity of students’ orientations to the 
world, in representing science in the classroom. 
The other factors shown to influence student choice of science and mathematics, varying 
depending on age, include students’ self efficacy or anxiety about their competence, interest 
and perceptions of usefulness of the subject, and parental or teacher or peer expectations or 
guidance and encouragement with regard to subject selection and future career aspirations. 
With both parents and teachers, part of the issue here is lack of knowledge of the wide range 
of career trajectories associated with the sciences. Thus, given the importance of parental 
influence, a worthwhile strategy for improving student interest and aspirations might be 
through a parental involvement route, for instance through a public campaign, or through the 
institution of a Family Science initiative to support teachers and parents become involved 
with students in science activities.  
The key aspect of teacher influence on student interest and aspirations is, however, pedagogy. 
The research shows clearly that the critical aspect underlying students’ increasing 
disenchantment with science over the secondary school years is that they find science 
knowledge to be delivered in an uninteresting and transmissive way with no room for 
personal discussion or perspectives, that the content is decontextualised and not relevant to 
their lives, and that it is difficult in a way that is not worthwhile. A set of pedagogical 
principles, the SIS Components, were based on interviews with effective teachers of science. 
These were widely accepted in Australia and which underpinned a number of innovations. 
These represent a more student-focused, active sense of knowledge building in the classroom, 
 aligned with students’ lives and serious interests. They present a view of science that includes 
its societal links, and that can involve the community in the learning of science. These 
components led to a more varied set of teaching and learning strategies in science.  
For primary science particularly, the focus in science education should be on educating the 
whole child — science can open up particular dispositions such as curiosity and exploration 
of ideas. The relational aspects of pedagogy are central to this process. Part of the vocation of 
teaching science involves an aesthetic response to science knowledge involving passion, and 
recognition of the transformative nature of the scientific way of thinking and acting. The 
education and ongoing professional learning of teachers should encompass this. Finally, in 
this discussion of pedagogy, research into a number of projects involving schools linking with 
community organisations shows that when teachers and science organisations work together 
on projects, the pedagogies open up, involving student problem solving and investigating and 
closer alignment with the practices of science. It follows that setting up the conditions under 
which teachers and students can work with practising science professionals can be generative 
for student engagement and learning. 
In the next section a number of contemporary trends in curriculum and pedagogy are 
described, with a view to illustrating the sort of science that should be promoted in primary 
school classrooms. Briefly, these topics, and their implications for moving forward, are: 
• Scientific literacy: Increasingly governments are defining the purposes of school science 
as aiming at scientific literacy, which essentially focuses on the needs of students as future 
citizens to engage with science at a personal, societal and professional level. This involves 
more emphasis being given to science as a way of thinking and working, and knowledge 
about how science works in the world, and a reduced emphasis on building the detailed 
canonical knowledge structures assumed to be needed by scientists.  
• Science education for citizens: Studies have shown that the sort of science needed by 
citizens in a variety of aspects of their lives is not the content knowledge that is currently 
the focus of schools science, but rather it is the nature of science and the way scientists 
work. 
• Investigative science and scientific reasoning: There are many purposes and approaches 
to practical work that extend beyond illustration of concepts and science in primary school 
needs to include a variety of types of activity. In particular, children need to learn the 
different aspects of investigation in science, including at times exploration of questions 
they generate themselves. The traditional ‘fair testing’ activity does not adequately 
represent the way scientists build knowledge and children should be supported to reason 
about the natural world in a variety of ways. Socio-scientific investigations and reasoning 
should be part of this.  
• The capacity of children to engage in scientific investigation: Research has shown clearly 
that young children are capable of significant reasoning in science investigations, such 
that traditional Piagetian views that young children’s explorations should be restricted to 
classification and observation does injury to their capabilities. Some of the work done by 
children in lower primary school is exciting, and the sort of exploration and reasoning 
exemplified in some of this research work is within reach of interested teachers even in 
the early years of primary school. 
• Inquiry curricula: There are many meanings to the word inquiry, but generally inquiry 
approaches place a premium on student reasoning about the world in explorations they 
have some control over. Despite years of advocacy of such approaches inquiry is still a 
minority occurrence in classrooms. Teachers in primary schools need to be supported to 
 go beyond mere ‘hands-on’ activities to engage children in conceptual discussions and 
reasoning about science phenomena. An important element in primary school inquiries 
should be the social and ethical aspects of science.  
• A humanistic science education: A humanistic science education includes a focus on the 
human aspects of working in science and in the development of science ideas, the 
inclusion of science related to citizen needs and contemporary science (cutting edge, as 
well as local science), and discussions of the nature of science and its ethical and moral 
implications. Such a focus is consistent with current thinking on engagement of students 
in science learning.  
• Aesthetics and science: Aesthetic appreciation of the excitement and beauty of science 
phenomena and ideas is continuous conceptual engagement, and teacher professional 
learning should acknowledge this. From the teacher’s perspective, passion for the science, 
and a sense of the transformative possibilities of a study of science, are part of this 
aesthetic response. Science should not be presented as devoid of emotional responses and 
values.  
• Narrative cognition and learning: Narratives in science are part of the way teachers and 
students come to see the subject as meaningful, with a human dimension. Teachers need 
to be able to tell stories in science.  
• Purposes of science in primary schools: There are cogent arguments for treating the 
purposes of science education differently at different stages of schooling. Primary school 
science should focus on developing students’ disposition and capability to engage with 
science ideas and their insight into how science works in our society.  
• Re-imagining science education: A number of factors in modern society have changed in 
a way that demands a response in our science curriculum. The implications of these 
changes for how school science should proceed are summarised (Table 4)  
In the next section a range of issues that are particular to the situation of science in primary 
schools is discussed, drawing mainly on the Australian experience but with some confidence 
that similar conditions apply in many countries. The lack of science taught, despite the 
expectation of it being an important part of the curriculum, can be seen to relate in part to a 
lack of teacher competence and confidence in science knowledge and pedagogy. However, 
importantly it suffers from the importance placed on literacy and numeracy particularly in the 
early years. I argue that part of the reason for teacher reluctance relates to the fact that they 
are not themselves naturally disposed to have an interest in science ideas, mostly having a 
different disciplinary background and commitments, and hence feel less than certain they 
could teach science in a way that led to significant educative outcomes for students. The task, 
therefore, is to convince teachers that science can open up significant thinking and 
capabilities for students, and that for instance a study of science might have significant 
literacy outcomes, or can involve students in serious conceptual activity in a way that engages 
them with schooling more generally. The issue of teacher knowledge was discussed, and the 
importance of teacher content knowledge linked to a range of aspects of pedagogy, including 
planning, managing significant conceptual discussion, and supporting student reasoning and 
learning in a targeted way. 
There have been many projects in primary science described in the literature, and some large 
projects in Australia, that focus on supporting change in teachers’ pedagogy. The pedagogies 
they promote are consistent in a general sense but differ in detail. The Primary Connections 
project run by the Australian Academy of Science is well regarded and is an interesting 
example of a conceptual change / inquiry approach involving student exploration, 
 development of science explanations, and application of these in a range of inquiry situations. 
This project is innovative in linking science with literacy, which has rendered it attractive to 
teachers as addressing literacy outcomes as well as science. The project derives from a 
perspective that learning science involves developing competence in the literacies of science, 
which are multi modal in nature, and this perspective is a powerful one in supporting student 
learning of science. This literacy perspective has been taken further in the RiLS project which 
has worked with teachers to develop a set of pedagogical principles incorporating this 
perspective, basing teaching and learning in science in the active generation and negotiation 
of representations (text, diagrams, graphs, animations, video images). RiLS has been 
successful in enlisting the commitment of teachers and showing evidence of significant 
student learning and engagement. Both these projects provide powerful examples of 
pedagogies that are successful in energising teachers and engaging students in learning 
science. 
Finally in this section the role of assessment is reviewed, and it is argued that in order to 
support change in science teaching practice a broader range of approaches to assessment is 
needed. The development of quality assessment has been shown to sharpen teachers’ 
perception of what it is to engage in significant learning in science, and contribute to their 
developing practices. Working with primary school teachers on formative assessment is a 
powerful way of developing their support of quality learning.  
Supporting major improvement in primary school science requires a cultural shift. Critical to 
any improvement in primary school science is the professional development of teachers, 
supported by the provision of resources. The final section discusses this issue, based on 
research into teacher development, and on specific experience in Australia with some major 
science education reform projects. It is argued that the way forward is best achieved by a 
combination of structures through which teachers are trained and supported in discussions of 
pedagogy, and resources that support this teacher development process and / or curriculum 
resources for the use of teachers and students. The various affordances and disadvantages of 
each aspect is discussed with reference to the Australian experience.  
First, the key to successful reform to improve student engagement in learning science in 
primary schools, is the pedagogical practices of the teacher. The research shows clearly that 
significant pedagogical changes require time, and are best achieved by setting up support 
structures within a community of learners within schools and local school networks, 
supported by ‘critical friends’.  
In terms of resources to support reform, it is argued on the basis of research evidence and 
evidence from a number of Australian reform projects that the following resources can be 
very effective: 
• Time release for teachers to attend workshops and particularly for a science 
‘coordinator’ in each school trained to lead a process of change and support teachers 
at a classroom level; 
• Critical friends, often university science educators, to provide ongoing support at a 
local level; 
• Materials to support pedagogical change such as discussion documents, case 
descriptions, and video support material; 
• Curriculum materials to exemplify quality practice which may be written units of 
work, kits of equipment, web-based sample student materials, or assessment 
approaches with examples; 
 • Teacher education materials that include the strategies described above. 
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